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(irahani.  Morton  &  Co.,  Ltd.,  Bl.ick  Bull  St.,  Leeds.  England. 

Ropeways  Syndicate,  Ltd.,  30,  St.  .Mary  .Axe,  London,  E.C. 

Cranes,  Travellers,  Winches,  etc. 

Joseph  lioolh  &  Bros.  Ltd,  Rodlev,  Leeds. 
Thomas  Broadbent  iV  Suns,  Ltd.,  Huddersaekl. 

Cranks. 

Claike  s  Crank  &  Forge  Co.,  Ltd.,  Lincoln,  England. 
Wooii  house  &  Rixson,  Sheffield. 

Destructors. 

Horsfall     Destructor    Co.,    Ltd.,     Lor:i     Street     Works,     Whitehall 
Road.  Leeds. 

Dredges  and  Excavators. 

Rose.  Downs  i>;-  Ihompson.  Ltd.,  Old  Foundry,  Hull. 

Economisers. 

E.  Green  &  Son,  Ltd.,  .Manchester. 

Ejectors  (Pneumatic). 

Hughes  .V  I..incastei,47.  Victoria  Street,  London,  S.W. 

Electrical  Apparatus. 

/Xllgemeiiie  Kieklricilats  Gesellschaft,  Berlin.  Germany. 

l>rush    !•  cctrical   Engineering     Co.,  Ltd.,  Victoria  Works,  Behedeic 

Ro.ad,  London,  S.E. 
British  Westinghouse  Electric    cS;  Manuf.icturing    Co      I  td      Xorl..lk 

Street,  Strand.  Lf)ndon,  W.C. 
Cromplon  &  Co.,  Ltd.,  Arc  Works,  Chelmsford. 
Greenwood  &  Batley,  Ltd..  Albion  Works,  Leeds 
I.  H.arding  Churton  &  Co.,  Ingram  Street,  Leeds. 
Ihe   India  Rubber,  Gutta  Pcrcha,  and  Telegraph  Works  Co     1  'd 

Silvertown,  London,  E.  "  '  ' 

International      Electrical    Engineering     Co.,     Clun    House    Suritv 

Street,  London,  W.C. 


Electrical  Apparatus  U-ontinued). 

M.ither  .V  Pl.-itt,  Ltd.   S:iltord  Iron  Woi  ks,  Manchester. 
.Matthews  &  A'ates,  Ltd.,  Swinton,  Manchester. 
Xewton  Brothers,  FuU  Street,  Derby. 
Pluenix  Dynamo  Manufacturing  Co.,  Br.adford,  Yorks. 
Turner,  Atherton  &  Co.,  Ltd.,  Denton,  Manchester. 

Engines  (Electric  Lighting). 

I-  \  H.  McLaren,  .Midland  Engine  Works,  Leeds. 

Engines  (Locomotive). 

Hunslct  Engine  Co.,  Ltd..  Leeds,  England. 
Hudswell  Cl.irke  ^:  Co.,  Ltd.,  Leeds,  England. 

Engines  (Stationary). 

Fiaser  ^:  Chalmers,  Ltd.,  4.:;,  Threadneedle  Street,  London,  E.C. 
E  S.  Hindley  Os:  Sons,  11,  i^ueen  Victoria  Street,  London.  E.C. 
Robey  &  Co.,  Ltd.,  Globe  Works,  Lincoln,  England. 

Engines  (Traction). 

jno,  F..wler  .S:  Co.  (Leeds).  Ltd,,  Steam  Plough  Works.  Leeds. 

Engravers. 

]nn.  Swain  vs:  Son,  Ltd.,  5S,  Farringdon  Street,  London.  E.C. 

Fans,  Blowers. 

Davidson    ^    Co.,    Ltd.,    "Sirocco"    Engineering    Works,    Belfast, 

Ireland. 
James  Keith  &  Blackman  Co.,  Ltd,,  27,  Farringdon  Avenue,  London. 

E.C. 
Matthews  &  Yates,  Ltd.,  Swinton,  Manchester. 
The  Standard  Engineering  Co.,  I.til.,  Leicester. 

Feed  Water  Heaters. 

Royles,  Ltd.,  Irlam.  ne.ir  Manchester. 

Firewood  Machinery. 

-M.  Glover  &  Co.,  I'.itentees  and  Saw  Mill  Engineers,  Leeds. 

Fountain  Pens. 

Mabie,  Todd  &  Bard,  03,  Cheapside.  London,  E.C. 

Fountains. 

.\iKlrcw  Handyside  \  Co.,  Ltd  ,  Derby. 

Forgings  (Drop). 

J.  H.  Williams  c^  Co.,  Brooklyn.  New  A'ork.  U.S.A. 

Furnaces. 

Deighton's   Patent  Flue  (.<:  Tube  Company,  Vulcan    Works    Pepper 

R.iad.  Leeds. 
1-eeils  F.irge  Co.,  Ltd..  Leeds. 

Garden  Vases  (Cast  Iron,  Ornamental). 

Andrew  Handyside  .V  Ct>  ,  Ltd.,  Derby 

Gas  Producers. 

W.  F.  .Mason,  Ltd.,  Engineers,  Manchester. 

Gears. 

Buifoline  Noiseless  (iear  Co.,  Levenshulme,  Manchester. 
E.  .Arnold  Pochin,  Croli  Street,  Pendleton,  .M.anchestcr. 

Gold  Dredging  Plant. 

Frasir  \  Chalnitrs,  Ltd.,  4 

Gauge  Glasses. 

j.  B.  Treasure  i^  Co.,  Vauxhall  Ro.id,  Liverpool. 

Hammers  (Steam). 

D.ivis  t-i  Primrose.  Leith  Ironworks,  Edinburgh. 

Hoisting  Machinery. 

.S(V  Conveying  .Machinery. 

Indicators. 

Dolibuj  iMcInnes,  Ltd.,  41  &  42,  Clyde  Place,  Glasgow. 

Injectors. 

W.  H.  Willcox  &Co.,  Ltd.,  2j,  34,  cS:  30.  Southw.irk  Street,  Loudon. 

Iron  and  Steel. 

Askh.nn   Bros.  \  Wdson,  Ltd.,  Sheffield. 

Brown,  Bayleys  Steel  Works,  Ltd.,  Sheftield. 

Consett  Iron  Co.,  Ltd.,  Consett,  Durlnni,  ani  Xewcastle-on  Tyne. 

Fariiley  Iron  Co.,  Ltd.,  Leeds,  Eni;land. 

Fried.  "Krupp,  Grusonwerk,  Magdeburg-Buckau,  Germany 

Il.idlield's  Steel  Foundry  Co.,  Ltd.,  Sheftield. 

J.  Frederick  .Melling,  14,  Park  Row,  Leeds,  England. 

Parker  Foundry  Co,,  Derby. 

Walter  Scott,  Ltd.,  Leeds  Steel  Works,  Leeds,  England. 

Laundry  Machinery. 

!■*>:    Sons,     Ltd.,     l-'.ngineers,    Pluenix    Foundry, 


Threadneedle  Street,  Lonilon,  E  C. 


W. 


^unimerscal 
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Typewriters,  &c. 


The     .     ,     . 

NEW  MODEL  No.  10 

Combines    many   improvements   of    the 
utmost  importance  to  Typewriter  users, 
and    all    who     are    contemplating     the 
adoption   o'    the    writing   machine,    ex- 
tending its  use,  or  replacing  old  machines 
with  new,  should  take  the  opportunity 
of  testing  the  New  Model  YOST.    Like 
all  previous  styles  it    does    incomparably  Beautiful    Work,     It    has  a  very  light 
touch,  is  an  excellent   manifolder,   and   cuts   a   good  stencil.     Seven   days'  trial  is 
permitted,  and  machines  of  any  make  are  accepted  in  part  exchange  and  li  erally 
allowed  for. 

Despite  its  improvements,  and  consequent  extra  cost  of  manufacture,  the   price 
of  the  YOST  is  still  £23,  less  5  ',  ,  for  cash,  or  list  price  by  monthly  instalments. 

Descriptive  Booklet  from     .     . 

The  YOST  TYPEWRITER  Co.,  Ltd., 

50,    HOLBORN    VIADUCT,    LONDON,    E.G. 


TYPEWRITER. 


Save  £9  and  a  lot   of    F^  7|/|  ¥^  ¥  |^  ¥~^ 
worry,  and  buy  an        JL^ITUT^  Jl   r^  1^ 

The   Machine   With    ALL    the    Writing   in    Sight. 


Price 

£13    2s.   6d. 

complete. 


NOT 

:suiiPA5:5ED 

BY  ANY  MACHINE 

ll^liE5PECTI\E 

OE  PPICE. 


Contractors   to  tl.M.   (jovurnnienc. 


T^  Empire  Typewriter  Syndicate,  Li^ 

■|bca^  Office  :    77,    QUEEN   VICTORIA    STREET,    LONDON,    E.G. 


BIRMINGHAIVI-43,  Temple  Street. 
BRISTOL    9,  John  Street. 
HANLEY    Post  Office  Buildings. 
LIVERPOOL-7,  South  John  Street. 


Branches   or   Agencies  :  — 
MANCHESTER-49,  Corporation  Street. 
LEEDS- 17,  East  Parade. 
BRADFORD    35,  Charles  Street. 
GLASGOW    87,  West  George  Street. 


N0TTINGHAIVI-4S.    Parliament  Street. 
LEICESTER    34.  Charles  Street. 
DUBLIN -Wellington  Quay. 
And  throiicrhout  the   World. 


Lifts. 

Wayiioocl  &  Co.,  Ltd.,  F:ilnio.i;h  K(,;id,  London,  S.E. 

Lubricants. 

Bluni.inn  &  Stern.  Ltd.,  Plough  Bridge,  Deptford,  London  S  E 
The  Keli.dice  Lubricating  OU  Co  .  i.>  &  20,  Water  Lane   Great  Tower 
Mrtet.  London,  E.C. 

Lubricators. 

Thomas  .\.  Ashton,  Ltd..  Xorfolk  Street,  Sheffield. 
Joseph  Kaye  &  Sons.  Ltd.,  ti  unslet.  Leeds, 
leak-  <i  Co.,  Birmingham. 

Machine  Tools. 

(iecirge.Addy  &  Co.,  Waverlev  Works,  Shcliield. 

Uilliani  -Asquith,  Highn;ad  Well  Works,  Halita.v,  England 

Hy.  Berry  &  Co.,  Ltd.,  Leeds. 

Bertr.-nn's.  Ltd.,  St.  Katharine's  Works,  Sciennes,  Kdinlnirgh 

Cunlific  &  Croom,  Ltd..  Broiighton  Ironworks,  Manchester 

Britannia  Engine  and  Tool  Factory,  Colchester  England 

^Y;./,'",'"'°"  ^'"'fii"'S  and  Co.,   i,  2.iii  3,  Ludgale"  Square,  Ludgate 
Hill,  London,  E.C. 
Ch.-is.  Churchill  cS:  Co.,  Ltd  ,  9-15,  Leonard  Street,  London  E  C 
Luke  ct  Spencer.  Ltd.,  Broadheath,  JLanchester. 

Jos.  C.  Nicholson  Tool  Co.Cilv  Koad  Tool  Works,  Xewca^tle-on  Tyne 
Northern  Engineering  Co  ,  i<:,oo,  Ltd.,  King  Cross,  near  Halifax 
J.  F.irkinson  &  Son,  Canal  Ironworks  Shiplcv,  Yorkshire. 
Pratt  cV  Whitney  Co  ,  Hartford,  Conn.,  U.S.A. 
Kice  &  Co.  (Leeds),  Ltd..  Leeds.  England. 
U  ni.  Ryder,  Ltd.,  Bolton.  Lanes. 

Schischkar  &  Co.,  Ltd..  65-fto,  Stafiord  Street,  Birmingham. 
O.  !•.  Smith,  Ltd.,  South  Parade,  Halifax. 
Tayl.ir  and    Challen,    Ltd.,   Derwent    Foundry,    Constitution     Hill, 

Birmingham. 
^\^,V-,V.'-'""^*  Co.,  Lionel  Street,  Birmingham. 
i  .  u  .  U  ard.  Albion  Works.  Shefiiekl. 

West  Hydraulic  Engineering  Co..  2^,  College  Hill.  London,  E.C. 
Charles  W  inn  &  Co.,  St.  Thomas  Works,  BiVmingham. 

Metals. 

Magnolia  Anti-Friction  Metal  Co.,  Ltd.,  of  Great  Britain,  40,  Ouccn 

Victoria  Street.  London.  E.C.  " 

Phosphor  Bronze  Co.,  Ltd..  Soutlnvark,  London,  S.E. 

Mircoscopes. 

W.  Wa'.s.iii  \  Sons.  315,  High  Holborn,  London,  W  C. 

Mining  Machinery. 

Clicstir.  i;dward,  &  Co.,  Ltd. 

Hasei  \-  Chalmers.  I.ta.,  43,  Threadneedle  Street,  London.  E.C. 

Hardy  Patent  Pick  Co..  Ltd..  Sheffield. 

Humbolt  Knginefring  Co..  Kalk,  \r.  Cologne,  Germany. 

trnest  Scott  &   Mountain,   Ltd..  Electrical  and  General    Engineers 

f  •^^^■^■•istle-on-Tvne.  England. 
Uiltey   Ore   Concentrator  Syndicate,   Ltd.,   7-1 1,    Moorgate  Street 

London,  E.C. 

Office  Appliances. 

Globe- Wernicke  Co.,  Ltd.,  44,  Holborn  Viaduct,  London.  E.C 
Library  bureau,  Ltd.,  10,  Bloomsbury  Street,  Lond.jii  W  C 
Library    Supply    Co,    Bridge    House,   181,    Queen    Victoria    Street 

1-oiuion,  E.C. 
Lyie  Co.,  Ltd..  Harrison  Street,  Gray's  Inn  Road,  London.  W.C. 
i^.irtridge  \  Cooper,  Ltd.,  191-192  Heet  Street.  London,  E.C. 
Kock\vell-\V  abash  Co.  Ltd..  r,g.  Milton  Street,  London,  E  C 
Shannon,  Ltd.,  Ropemaker  Street.  London   E.C. 
I  he  Ir;iding  and  Manufacturing  Co.,  Ltd.,  Temple  liar  House,  Fleet 

Street,  London,  E.C 

Oil  Filters. 

Vacuum  Oil  Co.,  Ltd.,  Xorfolk  Street,  London,  W.C 

Packing. 

Lancaster  &.  Tonge,  Ltd.,  Pendleton,  Manchester. 

1  he  ouaker  City  Rubber  Co.,  loi,  Leadenhall  btre.  t.  London,  E  C 

Lnited    Kingdom    Self-.Uijusting     Anti-Friction     Mcudlic    Pack  11" 

^/syndicate,  14.  Cook  Street,  Liyerpool. 
Lnited  States  Metallic  Packing  Co.,  Ltd.,  Bradford, 
j.  Bennett  yon  der  Heyde,6,  Brown  Street,  Manchester. 

Paper. 

Lepaul  \  Smiths,  Ltd.,  2,,  King  Sti  eet.  Coycnt  Garden,  Loiul,  n,  W.C. 

Photo  Copying  Frames. 

.1.  H.ilden  &  Co..  .S,  Albert  Square,  Manchester. 

Photographic  Apparatus. 

W    W  .ilson  >V  Sons,  313,  High  Holborn,  Lond.)n,  W.C. 
Porcelain. 

<jiis!.,v  iilicliter,  Charlotter.burg.  iicir  Berlin.  Germany. 

Presses  (Hydraulic). 

Edwin  .Mills  &  .Son,  Aspley  Ironworks,   Huddersheld. 

Printing. 

Soul^uood,  Smith  &  Co.,  Ltd.,  I'lough  Court,  Fetter  Lane.  I.ondr.n. 

Publishers. 

Association  de  la  Presse  Technique,  20,  Rue  de  la  Ch.ancelkr  e 
Brussels,  Belgium.  '    ' 

Shipping  World,  Ltd.,  Effingham  House,  Arundel  Street  Slrind 
London,  W.C. 

Pulleys. 

John  Jardine,  Deering  Street,  Xottlngham. 


Buyers'    Directory— (Continued), 

Pumps  and  Pumping  Machinery. 

Blake  \  Knowks   Steam    Pump  Works,  Ltd.,  179,  Queen  Victoria 

Street,  London.  E.C,  *" 

Drum  Engineering  Co..  27,  Charles  Street.  Bradford. 
F'raser  ^:  Chalmers,  Ltd.,  43,  Threadneedle  Street,  London,  E.C. 
J.  P.  Hall  &  Sons,  Ltd.,  Engineers,  Peterborough. 
Hathorii,  Dayey  i*t  Co.,  Ltd.,  Leeds  England.  " 
Pulsonieter  Engineering  Co..  Ltd.,  Nine^Elms  Ironworks,  Reading. 
T.iiigves,  Ltd..  Cornwall  Works,  Birmingham. 

Rails. 

Will.  Fu  th,  Ltd.,  Leeds. 

Railway  Wagons. 

.Melrupolitan  Amalgamated  Railway  Carri.ige  c^  Wagon  Co.,  Ltd  , 

Uldbury,  Birmingham.  England. 
Pressed  Steel  Car  C<'i.,  20.  Broad  Street  House.  London,  E.C. 
W.  R.  K'enshaw  &  Co.,  Ltd..  Phienix  Works,  Stoke-on-Trent 

Riveted  Work. 

F.  A.  Keep.  |u.\oii  ,.S;  Co.,  Forward  Works,  Barn  Street,  Birniingh.am. 

Roof  Glazing. 

.Meliowcb  &  Lo..  Shefbeld. 

Roofs. 

J  I.  Anderson  &  Son.  Ltd.,  Lagan  Felt  Works    Belfast. 
.Aiiarew  Handyside  iS:  Co.   Ltd.,  Dei  by. 

Safes. 

Cluihb  ,t  Sons  Lock  and  Safe  Co.,  Ltd.,  12S,  Oueen  Victoria  Street, 
London,  E.C. 

Scientific  Instruments. 

Caiiibriage  scienlitic  Instrument  Co.,  Ltd.,  Cambiidge. 

Smiths'  Hearths. 

Andicw  Hanay=ide  tV  Co.,  Ltd.,  Derby. 

Stampings. 

.A!m-.;,.„,g.  Steyens  &  Son.  Whittall  Street,  Birmingham. 
1  ho>.  Smith  s  Stamping  Works,  Ltd.,  Coyentry 
Th.inias  Smith  &  Son  of  Saltley,  Ltd.,  Birmingham. 

Steam  Traps. 

British  Steam  specialties,  Ltd.,  Fleet  Street,  Leicester. 

Steel  Tools. 

SamL  Buckley,  St.  Paul's  Square,  Birmingham. 
Stokers. 

Mcldium  Brothers  Ltd.,  Atlantic  Works,  M.anchester. 
Tniimph  St.jker  Ltd.,  30,  Victoria  Street,' Londcni,  S.W. 

Stone  Breakers. 

b  Peg^  \  son,  Ale.xander  Street,  Leicester. 

Strong  Room  Doors. 

Chulih  \  Son  s  Lock  and  Safe  Co.,  Ltd.,  128,  Oueen   Victoria  Street 
London,  E.C. 

Structures. 

Andrew  Handyside  \  Co..  Ltd.,  Derby. 

Time  Recorders. 

International    Time    Recording    Co.,    171,    Oueen    Victoria    Street 
Loncli.n,  EC. 

Tubes. 

Thomas  Piggott  \-  Co.,  Ltd.,  Spring  Hill,  Birmingham. 

Tubes,  Ltd.,  Birmingham. 

Weldless  Steel  Tube'Co.,  Ltd.,  Icknield  Port  Ro.id,  Birmingham. 

Turbines. 

G,  Gilkes&Co.,  Ltd.,  Kendal. 

W.  Gunther  &  Sons.  Central  Works  Oldham. 

S.  Howes,  04,  Mark  Lane,  London,  E.C, 

Typewriters. 

Empire  Typewriter  Co.,  77,  Queen  Victoria  Street.  London,  E.C. 
Oliver  Typewriter  Co.,  Ltd.,  75,  Queen  Victoria  Street,  London,  E.C. 
Remington  Typewriter  Co.,  100.  Giacechurch  Street.  E.C. 
Yost  Typewriter  Co..  50,  Holborn  Viaduct,  London,  E.C. 

Valves. 

Alley  .V  MacLellan,  Ltd.,  Glasgow. 

Scotch  and  Irish  O.xygen  Co.,  Ltd.,  Rosehill  Woiks,  Gl.asgow. 

Ventilating  Appliances. 

M.iUlicAs  >\  ^•,ne,,  Ltd.,  Swinton,  Manchester. 

Vulcanized  Fibre. 

Mo-ses  \  Mitclicil,  70  &•  71,  Chiswell  Street,  London.  E.C 

Wagons— Steam. 

Thoiiivsr.. It  Steam  Wagon  Co. .Ltd.,  Homelield  Chiswick,  London,  W. 

Weighing  Apparatrs. 

W.  r.  A\ery  lS:  Co..  S  jIio  Foundry,  Birmingham.  England. 
Sanuiel  Denison  &  Son,  Hunslet  Moor,  near  Leeds 

Wells  Light. 

A.  L.  WciN  &  Co  .  looA,  Midland  Koad,  St.  Pancras,  London,  X.W. 

Wood  Working  Machinery. 

Kiessliiii;  s  .Machine  Lo.,  46,  Kivington  Street,  London,  E.C. 
KiM  hiK  r  ^-  Co.,  21-J3,  Tal)ern;icle  Street,  London,  E.C. 

"Woodite." 

"  Woodite'  Company,  Mitchani,  Surrey. 


?M^~^ 


Machine  Tools 


CHARLES  CHURCHILL  &  CO..  L 


TD. 


AQENTS     FOR 


THE  "CINCINNATI"  CUTTER 

and  REAMER   GRINDER. 

Manufactured_^y    JH£      CINCINNATI      MILLING      MACHINE      CO., 

CINCINNATI,    OHIO,    U.S.A. 


Will  Sharpen  Correctly 

ANY  STYLE  OR  SHAPE 

of  Milling  Gutter,  Form  Tool  for 
Aatomatlc  Machine,  Tap,  Hob,  or 
Reamer  within  its  range. 

GIVES  CUTTING  EDGES  THAT  COT. 


A   Boy   can   Operate   it. 


LONDON  :    9  to  15,  Leonard  St.,  E.C.      BIRMINGHAM  :    2  to  10,  Albert  St. 

MANCHESTER:  2,  Charlotte  St.,  Mosley  St.    GLASGOW:   52,  Bothwell  St. 

NEWCASTLE=ON-TYNE  :    Albion   Buildings,   St.  James'    St. 


Machine  Tools 


IMPROVED     HIGH-CLASS     RADIAL    DRILLING,     BORING, 

and    TAPPING    MACHINES, 


Apmn    DAV     giving  large  number  of  SPEED  CHANGES, 

^31 111^^%  1^    IH#^^     quicKly     obtained       by       moving       levers. 


w^ithout    stopping    the    Machine. 


of 


16 

c 

H 
A 
N 
G 

E 
S 

c 
u 

T 
T 
I 

N 
G 

S 

P 
E 
E 
D 

can  be 


NO  CONES: 


Thus  obviating  excessive  wear  and  tear 
of  belts,  belt  slip,  waste  of  time  in  speed 
changing,   attending   to    belt    repairs,    etc. 


obtained 
in 
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Machines  of  the  above  type  made  5ft.,  6ft.,   7ft.,  radius.     Special  line  in 
3ft.   6in.  Radials,  GEAR  BOX  driven. 


3ur    Machines    will    utilise    to    full  limits  the    NEW     HIGH-SPEED     STEELS. 


WILLIAM  ASQUITH,  Ltd., 


RADIAL 
MAKERS, 


ESTABLISHED 
1865. 


Conliajtorsto  11. M.  War  DcixuliiKiit.  tlic 
Lords  of  the  Admiralty,  Imptrial  Jaiiaiicsf 
Xav}',  and  other  Foreign  (Jovcrnmcats. 


HALIFAX,  England, 


Regularly  . 
Built  in 
Stock  Sizes 
from  28  in. 
to  84  in.  . 
swing  over 
ways.      .     . 


SEND    FOR 
CATALOGUE. 


32=inch  Pond  Triple  Geared   Engine  Lathe. 


Niles  -  Bement  -  Pond   Co., 

23-25,  Victoria  St.,  London,  S.W.         Pond  Works,  Plainfield,  N.J.,  U.S.A. 


^^. 


SMALL    TOOL     DEPARTMENT, 

Works :  Hartford,  Conn.,  U.S.A. 


,^..-^-.,—  ,  PRATT-&,WHITWEYXO..HARTF0RD.  CONN..  U.j^ 


CAPACITY     DOUBLED. 

Send  for  Small  Tool  Catalogue. 


1    ^ 

1    16 


Taps,     Dies,     Reamers,    Rachet    Drills,    Milling    Cutters, 

Lathe    Tools,    Boiler    Punches,    Die    Stock    Sets,    Slitting 

Saws,    Taper    Pins,    etc.,    etc. 

A     COMPLETE     LINE     ALWAYS     IN     STOCK. 


f 


PRATT  &  WHITNEY,  Co.  | 

AGENTS-  \  — 

LONDON  :  BUCK  «&  HICKMAN,  Ltd.,  2   6  4.  Whitechapel  Road.  '  ^ 

LONDON  :  NILES-BEMENT.POND  CO.,  23.  Victoria  Street.  S.W.  \  — 

COPENHAGEN,  DENMARK  :  V.  LOWENER.  ^  ""■ 

STOCKHOLM,  SWEDEN  :  AKTIEBOLAGET.  V.  LOWENER.  ^  .m* 

PARIS:  FENWICK  FRERES  6  CO.,  21,  Rue   Martel,  Agents   for   France,   Spain,  ,  — 

Italy,   Belgium,  Switzerland,  and  Portugal.  ~    ~ — 


iMmiAMmi        Machine  Tools 


The  Burton  Disc  Grinders. 

PLAIN    AND    UNIVERSAL. 

Made  in  three  sizes,   18  in.,  20  in.,  and  28  in.  Discs. 

Can  be  made  for  direct  Motor  drive  if  required. 


20    in.    UNIVERSAL   TYPE. 


Thc-sc  Machines  arc  of  Hi'st-class  Inii^h  tlnnni.^houl,  and  arc  provided  with  sch-oiliiii;  hcarini,'s  equal 
to  :^h  diameters  in  lenj^th.  Both  tables  swivel  and  tilt  to  any  an.^le.  oscillate  parallel  with  discs,  and 
will  rise  to  top  of  discs.  The  l'niver>al  Machines  have  micrometer  feeds  of  ifreat  accuracy.  The 
exceptional   wci.tjht  of   our   Machines  not  onlv  gives   more  strength  and  stability,  but   prevents  vibration. 


C.  W.  BURTON  GRIFFITHS  &  GO. 


I,  2,  &  3,  Ludgate  Square,  London,  E.C., 


And  at  59,  Finnicston  Street,  Glasgow. 

PRICES    AND    FULL    PARTICULARS    ON    APPLICATION. 


H 


Machine  Tools 


Jos.  G.  NICHOLSON  TOOL  Go. 

MACHINE     TOOL     MAKERS,     CITY     ROAD     TOOL     WORKS,     NEVV/CASTLE-ON-TYNE. 


IMPROVED    RADIAL    DRILLING    MACHINE. 

With   a  2.lir).  Spindle,  and   5ft.  6in.   radius. 


IMPROVED    POWER 

QUI3K=SP£ED    HACK    SAW 

MACHINE. 


I  l^f^^i^ 


GLOVER'S     PATENTS.  12     to     SO     MEN'S     >VORK. 

A  CERTAIN  &  CONSIDERABLE  INCOME. 


.*i 


SEND 
FOR 


^       CATA- 


SAW.  &z.,  GDARD8,  BENCHES,  &c.,       _  _^ 

TESTED     AND     ADOPTED     BY  -'^\  /a\  ill 

Governments    and    Corporations,  "^S^^  f^        ^U 


Railway    Co.'s    and    Contractors.   r^-rXf^^ 

1:1  HUNDREDS     OF     LEADING 


Engineers    and   Shipbuilders, 
Collieries  and  Timber  Merchants, 

6c-,    «&c.,    throughout    the    World. 


inCAl   Q*'    ALONE  CAN  PROPERLY  FIT 
lUCMLd'       VARYING    DIAS.    OF    SAWS. 


M.G 


LOVER  & 


CSAW  MILL      I       C*  17  r%  O 
O.,  ENGINEERS,    L.  t  C.  L^  O 


•J 


Machine  Tools 


RICE  6  CO>  (Leeds),  Ltd., 

LEED3, 

ENGLAND, 


HYDRAULIC 


Riveters, 

Presses, 

Cranes, 

Piinclies, 

Shears, 

Hoists, 


Lifts, 
Pumps, 

Accumulators, 
Intensifiers, 
Valves, 
&c.,  &c. 


ABC  Code,  4th  Edition,  used. 

Telegraphic   Address  :    "  Press,    Leeds  " 

Telephone  No. :  2362. 


11;  I  ai;lk  kivki  im.  im  w  i 


!gi*j^^*^^^#<^*.^.**^***.^j^.^i$#^^^^^^^$^^^#«^^^«^^#^^^$^^« 


J^  Tt  is  Ulortb 
5^  Vour  lUhilc 
i  to  Buy 
I  Direct 


the  Reliance  Cuttricaiing  Oil  £0. 

.M.iiiufaclure  ami  Supply  the  l',e-l  and  Clie.aiiest 

HIGH-CLASS     NON-CORROSIVE 

LUBRICATING     OILS 
AND     SOLIDIFIED      LUBRICANTS. 

C.-tor,  I.arl    (  i;iv.-.  Neatsf 


Cbc  Rciiance  Cubricating  Oil  €o.,     ^ 

19  &  20,  Water   Lane,  Great  Tower  Street,  VJ 

LONDON,    E.C.  9f» 

Also  99,  Great  Clyde  Street,  Glasgow;    and  cj^ 

1,  Sandhill,  Newcastle-on-Tyne.  /• 


T._-lut;rains  :    "  Sri  ASTRAL,   l.<'S]>'iS. 

.WENUE  =--.i.  ABC  CmJc  !'■ 


i^$$$$$$$$r^#$^$$$^i$^$^$$^$$$$$$<^$<^$$'$l^$$$$$i^$$$^ 


a  11^ 


r,vjfiwjri'a>u\j.jS^ 


^1 


(^^dt 


ii  lD>UM^XIM^ll3^s  f 


@.AAl^''JVv-Vi'.^'^.*!^iiUA^i3, 


:i?u:;i^i^i^ 


^^Ci^^#<^^^^^^^^^r^^\^^^^^^^^Nj;.^V^^jM^^^^ 
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®MIIKI^'*^ 


Oft,^/* 


Albion  Works,   Sheffield. 

Telegrams         ■  -  "FORWARD,    SHEFFIELD." 


8  in.  by  3 
IMPROVED   PLA 


m.  by  3  in.  ^^i|     P^^l  I  |  .    ^^^      "^^^ 

.NING   MACHINE.     3]  1^    0  |  WJ)  ^^ 


SEND    FOR   CATALOGUES 

fNew  Issuej    Post  Free. 


^r'iSf 


HIGH-CLASS    NEW    MACHINE    TOOLS 

IN    STOCK    FOR    IMMEDIATE    DELIVERY. 


Telegrams:    "  MILLING.    SHEFFIELD."        Jof  tl)C  CiltCSt  ailU  niOSt  Up-tO-DatC 
National  Telephone  No.  :  985. 


r 


HEAVY  =  = 
MACHINE 
TOOLS   =  = 


\\  RIIH   . 


PLATE    BENDING    MACHINE. 


Also  Special  Lifting  JacK  for  Electric 
Tramcars. 

GEORGE  ADDY  6  Co., 

WAVERLEY  WORKS.  SHEFFIELD. 

STEAM     HAMMERS 

FOR    SMITHS'   SHOPS   AND    FORGES. 


Patent  Bevelling  Machines  for  Ships'  Frames. 


DAVIS    6    PRIMROSE, 


Xcitb  3i*ou\vorhi3.  EDINBURGH. 


17 


Machine  Tools 


WiNN's  Tapping  Machines 

FOR    SOCKETS    AND     FLANGES 


I 


FULL   DETAILS   ON   APPLICATION 

CharlesWinn&Co. 

CREMVILLE  STREET  BIRMINGHAM      1) 


fWn 


ihmMM 


Luke  &  Spencer,  ud. 

BROADHEATH, 

MANCHESTER. 


Telegraphic  Address  : 

"Emery,  Altrincbam." 

National  Telephone  : 

"  Altrincbam  49. " 


Manufacturers  of 

GRINDING  , 


and 

POLISHING 

MACHINES. 

EMERY.     .     . 

WHEELS.     . 

Etc 

Send  for  our 
Enlarged 
Catalogue, 
free    on 
Application. 


.^ 


.^^  to  beiog  unsold.  ^ 


V 


3  ft.    6  in.    RADIALS. 

4  ft.    O  in.  ,, 

5  ft.    O  in.  ,, 

6  ft.    6  In.  ,, 


> 


6  ft.    by    2  ft.   6  in.    by   2  ft.   6  in.    PLANES, 
aft.     ,,      3  ft.    O  in.      ,,     3  ft.    O  in. 
12  ft.     ,,      4  ft.    O  in.     ,,      4  ft.    O  in. 

6  ,  7  ,  8',  to  ,  12    in.  COMPLETE    LATHES, 
e.'s,  lO,  12,  15,  20  ft.  BEDS  RESPECTIVELY. 

Milling  Machines. 

-,o  in.    BOKI.\(i    AND    SlkFAClXG    LATHE. 
HORIZONTAL    BORING   MACHINES. 


Contractors  to    •     .     • 

H.M.    Government,    and    Dockyards,    Principal 
Railways,    British    and    Foreign. 


NORTHERN  ENGINEERING  CO., 

KING    CROSS.  1900  ltd.. 

Near    HALIFAX. 


Machine  Tools 


CUNLIFFE  &  GROOM 


Broughton 
Lane, 

rdcRrams  : 
•LATHE, 
MANCHESTER 


LIMITED, 


Manchester. 


ESTABLISHED    1864. 


2o-i\'.  Vertical  lioKiNi.  .\nu  TiKNiXi;  Mti.i.. 

MAKERS    OF 

^        Disc  Grinders 

With   Spiral   Groo\c  Diics. 

PlaningMachines 

Two-Bcll  Type.  «ilh  palcnl 
Belt  Driving  .Arrangement. 

Vertical  Lathes 

As    llluslr;»Ud 

Milling  Machines 

Wl(l>  r.>pld  return  of  T.^blc 
b>    R.iek    .»nd    Pinion 

QUNLIFFE  &' 
CROOM,  Ltd. 

Broujihion    Lane, 

MANCHESTER. 


'9 


Machine  Tools 


WiNN's  Tapping  Machines 

FOR    SOCKETS    AND     FLANGES 


FULL    DETAILS   ON   APPLICATION 


I 


CharlesWinn&Co. 

CREMVILLE  STREET  BIRMINGHAM 


'^'ihmM.mi\t 


Luke  &  Spencer,  ua., 

BROADHEATH, 

MANCHESTER. 


Telegraphic  Address  ; 

''Emery,  Altrincham.' 
National  Telephone  : 

"Altrincham  49." 


Manufacturers  of 


GRINDING  . 

and 

POLISHING 
MACHINES. 
EMERY.     .     . 


WHEELS . 
Etc 


Send  for  our 
Enlarged 
Catalogue, 
free    on 
Application. 


.^' 


.^^  to  being  unsold.  ■% 


V 


3  ft.    6  in.    RADIALS. 

4  ft.    O  in. 

5  ft.    O  in.  ,, 

6  ft.    6  in.  ,, 


^f-A 


6  ft.    by   2  ft.    6  in.    by    2  ft.    6  in.    PLANES. 
8  ft.     ,,      3  ft.    O  in.      ,,     3  ft.    O  in.  ,, 

12  ft.     ,,      4  ft.    O  in.     ,,      4  ft.    O  in.  ,, 

6',  7',  8A,  lO  ,  12    in.  COMPLETE    LATHES. 
6,8,   lO,   12,  15,  20  ft.   BEDS  RESPECTIVELY. 

Milling  Machines. 

so  in.    BORING    .AND    SIKF.VCIXG    LATHE. 
HORIZONTAL    BORING    MACHINES. 


Contractors  to    .     .     • 

H.M.    Government,    and    Dockyards,    Principal 
Kail  ways,    British    and    Foreign. 


NORTHERN  ENGINEERING  CO., 

KING    CROSS.  1900  ltd., 

Near    HALIFAX. 


Machine  Tools 


CUNLIFFE  &  GROOM, 

LIMITED, 

Manchester. 


Broughton 
Lane, 


Telegrams  : 
"LATHE, 
MANCHESTER." 


ESTABLISHED    1864. 


-^ 


20-I.V.   VKRliCAL    I30K1NG    ASU  Tl  K.MNCi    Mil.!.. 

MAKERS    OF 

^         Disc  Grinders 

With  Spiral  Groove  Discs. 


PlaningMachines 

Two-Bell  Type,  with  patent 
Belt  Driving  Arraagement. 


Vertical  Lathes 

A-,   llluslralid. 

Milling  Machines 

With  rapid   return  of  Tabic 
by    Rack    and    Pinion. 

QUNLIFFE  & 
CROOM,  Ltd. 

Broughton   Lane, 

MANCHESTER. 
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Machine   Tools 


BERTRAMS    LIMITED 


London  Office : 

21,  Gt.  St.  HELEN'S,  E.G. 


ST     KATHERINE'S    WORKS, 

SCIENNES,  EDINBURGH. 


mi 


K 


Multiple  Punching    Machine. 


Manufacturers   of   all   kinds   of 

MACHINE    TOOLS 

FOR    ENGINEERS,    SHIP    BUILDERS, 

BOILER    MAKERS,    &.c..    &.c. 


FORGING 
MACHINES, 

CAPSTAN    LATHES 

AND    OTHER    TOOLS. 

SAWING    MACHINES. 


0 

WILLIAM  RYDER,  Ltd 

BOLTON. 

''THE   BOLTON    BLACKSMITH.'' 


MACHINE 

SPECIAL  AND  GENERAL. 

RADIAL  DRILLS 

Up  to  10  ft.  Radius. 


G.  F.  SMITH,  L 


TOOLS 

A  iavgc  number  In  Stock 
and  Progress. 


SOUTH   PARADE, 

HALIFAX. 

Telegrams:    'Radial,  Halifax." 


Machine  Tools 


THIS 


ONE    OF    A    GOOD    LINE    OF    LATHES. 

NEW      CATALOGUE      NOW      READY 


LATHE 

is   for 

"  SLOGGING " 

or 

HIGH-SPEED 

it 

HAS 

POWERFUL 

DRIVE  AND 

FEEDS. 


J,  PARKINSON  &  SON,  Shipley,  yorks 


J.  Frcdk.  Melling, 

14,  PARK   ROW, 
LEEDS}    England. 

Iron  &  Steel  Bars,  Plates,  Sheets,        write  for 
Girders,   Channels,   Angles,     Rails,        Section  Lists 
Blooms,  Billets,  &   Slabs.  ""''  ^'''^" 

Telegrams  :  "  Legatiox,  Leeds." 


J.B.Treasure&CO- 

Excelsior  Fire-Polished 

GAUGE    GLASSES, 

LUBRICATORS, 
INDIA-RUBBER    WASHERS, 

&c.,   &c. 

Vauxhall  Road,  Liverpool. 


Telephone  Xo.  :   146V. 
Telegrams:  "Tudor   Birmingham. 


•  ■ 


Modern   . 
Machine  Tools. 


CAPSTAN    AND    TURRET    LATHES. 
DRILLING    MACHINES. 
MILLING    MACHINES. 
BORING    MACHINES. 


H.W.WARD  &  Co. 

ONLY  ADDRESS- 

86,    Lionel    Street, 

BIRMINGHAM 

Contractors  to  British  and  Foreign  Governments 
and  Principal  Engineering  Firms. 


Machine  Tools 


PATENT  SHEARING 


AND 


PUNCHING  MACHINES 


for  shearing  plates  of  UNLIMITED  length  and  width. 


R.  BECKER   6    CO., 


53,    CITY     ROAD.    LONDON,    E.C. 


^g^^SilfHy''''^"'''^  Machine  Tools 


West  Hydranlic  Engineering  Co., 


HEAD    OFFICE  : 


Telegrams  : 
'AcROSTiCAL,  London 
"  ACROSTICAL,  Luton 


Crown  J\mt% 
for  the  Colonies, 

etc.,  etc 


23,    COLLEGE    HILL,    LONDON,   E.G. 

WorKs:     LUTON      BEDS. 


THREE-POWER  HYDRAULIC  STAMPING  AND  BENDING  PRESS. 


This  type  of  press  is  very  conven.ent  ,n  use,  as  the    power   c.n  b.  var.e.l  lo  suit  the  nature  ot  the  worU  by  admitting  pressure 
Th,s  t>pe        pr^ess^^^^  J  ^^^^._^^^     ^^^^^  ^^^^^^^   .^  ^  __^^j  ^^^   employM,«  the  centre  ram  to  run  the  crossheud  up  to  the  work. 

and  then  opening  the  otiier  cylinders  to  pressure. 


lire  into   1.  2.  or  H 
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Mining  Machinery 
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Mining"  Machinery 


Vertical  Air  Compressors 


AND 


Blowing  £ngmes 

KINJr;     RTFnT  FR     TYPF  low  height,  economises  space 

IVIINO     tS.llLUL,i!-iv      iirr..  and  avoids  vibration. 


VERTICAL  AIR  COMPRESSORS, 
TWO  CYCLE  G^S  ENGINES, 
RIEDLER  BLOWING  ENGINES, 
RIEDLER   AIR  COMPRESSORS, 
RIEDLER  ELECTRIC  PUMPS, 
RIEDLER  EXPRESS  PUIVIPS, 
RIEDLER  STEAM  PUIVIPS, 
CORLISS  CORNISH  PUMPS, 
RAND  COMPRESSORS, 
WINDING  ENGINES, 
BOILER  PLANTS, 
ROASTING,  SMELTING,  and 

REFINING  MACHINERY, 
COMPLETE  STAMP  MILLS, 
CRUSHERS   and   PULVERIZERS, 
CONCENTRATION  MACHINERY, 
PROSPECTING  OUTFITS, 
CYANIDE  PLANTS, 
ELMORE    OIL  CONCENTRATION 
PLANTS, 
CONDENSING  PLANTS, 
BOILER  FEED  PUIVIPS. 
RAND  ROCK  DRILLS, 
ROBINS  BELT  CONVEYORS, 
PELTON  WATER  WHEELS. 


Any   of  the   above    Catalogues 
on  Application, 


500    H.P.    SINGLE   SIDE  AIR    COMPRESSOR    WITH    ROPEWHEEL    FOR   POWER. 
compressor  ARRANGED   FOR   ADDITION    OF   DUPLICATE    SIDE   AT   LATER    DATE 


FRASER  £?  CHALMERS,  L^ 

Mining  and  Engineering  Machinery, 
HEAD  OFFICE :    3^    LONDON    WALL    BUILDINGS,    LONDON,    E.C. 

Works:    ERITH,    KENT,    ENGLAND. 


aMmmf 


Mining 


ERNEST  SCOTT  &  MOUNTAIN.  L 


TD. 


Scott  and  Mcmntani  Class  I\  '    (jciierator.      4(11)  kw  .  capacity;   ii 
Cranlishaft  of  Slow-Speed  Compound  Engine 


ntcd  direct  on  t( 


Branch  Offices. 
LONDON:    Norfolk    House, 
Laurence  Pountney   Lane, 
E  C 
GLASGOW:  93,  Hope  Street.' 
CARDIFF:   8,  Working  Street. 
Sheffield,  Birmingham,  Calcutta, 
Bombay,  Shanghai,    Singapore, 
Johannesburg. 


STEAM 


DYNAMOS. 


Jt 


MOTORS. 


Boosters. 


J*         jt 


Mining   Pumps 

AND 

Haulage   Gears. 


^•*         -.•* 


Coal   Cutters. 


NEW     LISTS     NOW/     READY. 


"  Scott  and  Mountain  "  Mining  Pump.     300  ijalls.  per  min 
1  500  ft".  Iiead. 


ELECTRICAL  AND  GENERAL  ENGINEERS,  "^^^enc'Land.-^^''^' 


Bl 
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Mining,  etc. 


EDWARD  CHESTER  &  Co.,  Ltd. 


Manufacturers  of  all  Classes  of 


MINING  MACHINERY 

Branches  :   Johannesburg,  Bula^vayo,  Barberton,  Port    Elizabeth  in 
South  Africa,  and  Kalgoorlie,  Australia. 

>A/orks:    RENFRE>V,    Scotland. 


HEAD    OFFICE:     120,     Bishopsgate    Street    Within,    London,    E.G. 


RAILS 


T      LEEDS     * 


Hall  &  Sons, 


Ltd.. 


PETERBOROUGH. 

We  make   a  SPECIAL  Compound 
Direct  Acting  Slow  Running 

Boiler  Feed 


Pump 


ECONOMICAL  AND  EFFICIENT. 

We  deliver  100  lbs.  of  Water  for 
the  expenditure  ot  1  lb.  of  Steatri. 
Tliis  with  our  2,000  gallon  Pump, 
and  a  much  higher  efficiency  as 
the  size  of  the  Pump  iricreases. 

AN     IDEAL     PUMP      FOR      GENERAL 
BOILER    FEEDING    PURPOSES. 

Apply  for   Particulars. 


5F0R 

ENGINEERS  &TOOL  MAKERS. 

TO  MACHINE    CLEAN  fr.  BRIGHT 
ALL    OVER. 

Parker  FouNDRY(b,DERBY. 

ON-    ADWIIRAUTY     U  ET- 


7 


FRIED.  KRUPP 

Aktieng-esellschaft 

GRUSONWERK 

Magdeburg- -Buckau. 

Complete    Plant 

Linoleum  Factories 
India  Rubber  Factories. 

Machinery  for  the  Manufacture  of 

Lead  Cables. 


\ 


Aeria!  Ropeways 


28 


f^S!MmM,m 


Aerial  Ropeways 


ADOLF  BLEICHERT  &  C 


o..  LEIPZIG-GOHLIS 


OERMANY 


More  than  1,600 
Plants  were  con- 
stracted  by  us' 
some  of  a  length 
of  34  kilometres. 


30  Years' 
Experience. 

Gold  Medals. 
Highest  Awards. 


Best  and  .  .  . 
cheapest  medium 
of  transportation 
for  all  kinds  of 
material  for  any 
distance  and  .  . 
within    factories. 

All  topographical 
difficulties  over- 
come by  our  . 
Patent  Jaw- Grip 
Coupling  ,  .  . 
Apparatus     .     . 

"  Automat." 

-+- 

We    have    built 
plants  with  . 
gradients  of  1:1, 
and  spans  of  over 
1,000  metres.     . 

-♦- 

First-class 
references     from 
first-rate  houses. 


Wire=Ropeway  executed  for  Sucreries  Centrales  de  Wanze  Soc.   Anonyme.  Wanxe    Belg. 


Special  Department  for  the  Construction  of 


. 


Hoisting  &  Conveying  Machines,  Cranes. 


2y 


Aerial    Ropeways 


CHEAP     TRANSPORT 

Improved 
Aerial 
Wire 
Ropeways 


-  ^ 

If* 

Y* 

'y» 
V* 

Y* 
V* 
^Y> 
V* 

y* 

;» 

■I 


iI^.L-  .^  i;cdl;ii,L,loii  I'.itculhi, 

The  Best  and  Cheap- 
est System  fur  Carry- 
ing Ores,  Coals, 
Limestone,    Bricks, 

Clay,  and  Mtlier  .Ma- 
terials, Especially 
over  Rough  Ground, 

and    lor    any   distance. 

Capacity,  from  20  t<i 

500  tons  per  clay  and 
over. 


Over  Other  Systems. 

Economy  in  Cost  and 
Working. 

Few  Supports. 

Reduced  Wear  of  Cables. 

Simplicity  of  Construc- 
tion. 

Long  Spans  and  Steep 
Gradients  Overcome. 

High-Class  Material. 


NUMEROUS  INSTALLA- 
TIONS AT  WORK  in 
England  and  Abroad. 
GIVING  THE  GREATEST 
SATISFACTION.  Inquirers 
should  state  LENGTH. 
CAPACITY,  and  NATURE 
OF  GROUND. 


PlInT()(iU.\lMI    OK    A    I. INK   CAkHVINC    l.-^n   ToNS   PER    1>AV. 

Estimates,   Pamphlets,  and  full   Particulars  on  application  to 

The  ROPEWAYS  SYNDICATE,  Ltd.,  30,  ST.  MARY  AXE,  E.G. 

Telegraphic  Address  :    "ROPEWAYS,    LONDON." 
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Wells'  Specialities 
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'WALLViOPK  &  WELLS'   PATENTS!. 


POWERFUL     PORTABLE     LIGHT     FROM     OIL 

Up  to  5,000  Candle  Power. 

For  ENGINEERS,  CONTRACTORS,  SHIPYARDS.   RAILWAYS.  COLLIERIES 
QUARRIES.    MINES,    HARBOURS.     DOCKS,    etc. 

OVER      J7,000      SOLD. 

Supplied  to  500  British  and  Foreign  Railways. 

Adopted  by  26  Governments  and  all  leading  Firms. 

Exclusively  used  by  the  Great  Military  and  Naval  Powers. 

Lamp.     500  Candle-power.    Small  Hand  pattern 

Do.      500  or  1.500  Candle-power.     Hand  pattern 
1,500  or  2.500  Candles.     Useful  and  Portable  pattern     .. 

3.  2,500  or  3.500  Candles.     Manchester  Ship  Canal  pattern 

4.  3.500  or  5.000  Candles.    A  most  poweriul  Lamp 
Burns  either  heavy  Wells'  Oil  or  Petroleum,   but  the  former  is  very  cheap  and  gives  about 

30  per  cent,  more  light  than  petroleum. 


£7 
£10 
£15 
£16 
£17 


7s. 

Os. 
10s. 
10s. 
15s. 


Kettle  Torch  Lamps. 

The  Miner's    Favourite. 

Thousands  Sold 

Used  e.xclusively  by  De  Beers, 

Randt  Mines,  &c. 

Also  hirgely  used  by  Con-    ->.-,, 

tractors.  Corporations. 

Collieries,  &c. 

Large  Flaming  Light. 

Xo.    iS.   3   Pints,    I J    in. 

Wick,  4s.  6d.  each. 
No.   28,  same   shape    as 
above,  but  having  two  Wicks 
6  Pints,  9s.  each. 


H 

ill 

J*' 


No.   18a.        A  Splendid 

Lamp,      fitted 

with  2  in.  Wick. 
,".  5  Pintscapacity 
9s.  each.  Suit- 
able for  Sewer- 
age and    Drainage  Work, 
Steam  Trawlei  s,  &c. 


WELLS'  OIL  CAS 
GENERATING    LAMPS. 

L'ght  frdm    Kerosene  or   Petroleum 

without  Wick,  Smoke,  or  Smell 
at  less  thin    One    Ppunv  per   hour. 

Perjcct  Saleiy. 

Xo  Explosive  Xaptlia 

used. 

Til oiisa  litis  sold. 
Vnaffeckd  by    Wind. 

EACH 
No.  12.  3  hours  119 

No.  i=A.  with  Tripod  13  9 
No.  13,  5  hours  14/- 

No.  13A.  with  Tripod  17/- 
No.  M.  7  hours  ..  16/- 
No.  14A,  with  Tripod   19;- 


E.vtra  Burners 
for  above, 
2s.  each. 


.^ 


%1 


WELLS' -'LIGHTNING' 

LIME  &  COLOR  WASHER. 

Wallwork  S  Wells'  Patents 


NO    OUTSIDE    POWER    REQUIRED. 

LIME,    WHITING,  OR    COLD  WATER    PAINTS, 

Applied  at  a   speed   of   from   8    to   10   square   yards 
per  minute,   in   a  manner  superior   to  brush    work. 

One  coat  with  the  AM.ichine  on   rou^h    surl.iee-,  i^   equal  to  two  applied  with  brushes. 


iNo. 

INo. 


6. 
4. 

4A 


Will   save   First   Cost   in   a   Few   Days. 

No  Tank.     On  Wheels.  «-7 

£9 


Is. 
\0s. 
10s. 


;3 

K 


Handy  Size. 

Price,    with   5   ft.   Pole,   Single  Spraying  Xozzle,  and 

20  ft.  Special  Aimoured   Hose.     Capacity  6  gals. 
Price,    with    Wheels,   s  ft.  Pole,  Single    Spraying 
Nozzle,  and  20  ft.  Speci;il  Armoured  Hose, 
Same  capacity  as  No.  4  Machine. 
With   S-ft.   Pole,   Double   spraying    N'oz/le,    :tnd   20  (t, 
INo      5         Special  Armoured  Hose.  Large  Size.      Capacity  to  gals.     £10     I  OS. 
'  Can  be  fitted  with  Wheels,  25/-  e.\tra. 

aTc.   wells    6     Co., 
100a,    Midland    Road,    St.     Pancras, 


WorKs  :  Cheetham,  Manchester. 


LONDON.  N.W. 
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Packings,  &c. 


THE 
BEST 


METALLIC  PACKING 


IN     THE     WORLD. 
OVER    130,000    FITTED 

TO    ALL    TYPES    OF    ENGINES     IN    EUROPE.    ASIA. 
AFRICA.    AND    AMERICA. 


Supplied  to  the  British,  United  States,  Dutch,  Spanish, 
Japanese,  «5c..  Navies.  Friction  Decreased.  Power  and 
Fuel     Saved.  Vacuum     Improved.  Automatic     Self= 

Adjusting.     Steam  Setting.     Entirely  Metallic. 


United  States  Metallic  Packing 


CO.,    LTD., 


Ti.-let;rams  :  ■'  Metallic.  Bradford.' 
Telephone  No.:  604. 


BRADFORD. 


Also   Makers  of 

"poRTABir"  Power  Drill  &  Reamer. 

AIR    COMPRESSORS    and    PNEUMATIC    HAMMERS. 
PNEUMATIC    HOISTS.      PNEUMATIC    PAINTERS. 
PNEUMATIC    RIVETERS,    6c.,    6c. 


Sawing  6  Woodworking   Machinery. 


Contractors  to  most 
Governments,  many 
Railway  Companies, 
Collieries,  Shipyards, 
Dockyards,  &c.,  &c.      ,^ 

M 

0\er   1,000 
Workmen     em- 
ployed in 
this 
Department. 

M 

Catalogues   and 

Prices 
on   Application. 


Over  70,000 

Sawing    <&     Wood= 

worKing  Machines 

supplied. 

M 

GRAND    PRIX," 
Paris,   1900. 

M 


Over    70   Gold 

Medals 

and  other 

Highest 

Distinctions. 


HK.\   L.XKCK   P.^ricNT   Hukizumai.   LiA\L)  Mill. 


KIRCHNER  &  CO.,  z.-^t'TABlRNrcTrsT.,  London,  E.C, 


JhmMmi 


Packing:,  &c. 


The  << 


LANCASTER" 

PATENT  .  .  . 

METALLIC  PACKING 

Supplied     to    British    and     foreign 
Navies  and  all  Principal  Engineers. 

CAIM    BE    TIGHTENED    UP    IN    A    FEW    MINUTES. 

WORKING  ENGINEERS  PREFER  THEM   TO  ALL  OTHERS. 


Save  60  per  cent,   of   Friction   over 

best  Asbestos    Packing.      Need    not 

the  slightest  attention. 


WRITE      FOR      FULL      PARTICULARS       TO— 


Lfancaster  (2r   1  OngC,  Lrtd.  Pendieton,  Manchester 


Tfef  Phosphor  Bronze  Co., 


SOUTHWARK,  london 


LTD. 


Sole  MaKers  of  the  Original 
"Cogwheel"  and  "Vulcan"  Brands  of 

"PHOSPHOR  BRONZE"  ALLOYS 

wlilcli  lijvc  lor  many  ye^rs  been  reccgniseJ  js 

THE  BEST  &  MOST  DURABLE  METALS 

/or  .  .  . 
Slide  Valves,    Bearings,  Bushes,  Eccentric 
Straps,     and     other     parts     of     Machinery 
Exposed  to  Friction  and  Wear. 

Also  for  Pump  Pods,  Pumps,  Pislon  Finss,  Pinions,  Worm  Wheels. 
MOTOR    GEARING.  Etc. 


Castings  in  I'liosphor  Bi  on/c.  Gun  Metal,  Bi  ass,  and  nllior  .MI. 
Mncliincd  if  reqiiiicd. 


n^ 


mmmvi 


Safes,  &c. 


CHyg 


^ArES 


AFFORD  THE 

BEST 

PROTECTION 

AGAINST 


FIRE  AND  BURGLARS. 

CHUBB   &  SON'S 

Lock  &  Safe  Company,  Ltd., 

128,  QUEEN  VICTORIA  ST.,  LONDON,  E.C., 
And  at  Manchester,  Liverpool,  and  Glasgow . 


Works:     LONDON  and  WOLVERHAMPTON. 


"  WOODITE  "  WORKS,  MITCHAM  COMMON,  SURREY. 

NOTICE  TO  ENGINEERS,  ELECTRICIANS.  STEAM  USERS,  and  OTHERS.-"  WOODITE"  nrticles  can  now  K  obtained 
with  the  utmost  despatch.  "WOODITE"  lias  stood  the  severest  test  for  six  years.  No  ni.iterial  in  existence  can  equal  it  lor  Steam  or 
Electrical  Purposes,  and  other  appliances  :  has  stood  every  test  up  to  40,000  volts  for  1/8  in.  sheet,  without  breakin.i;  down,  by  the  London 
Electi-ic  Light  Corporation  and  others.  Kani  "U"  Hat  Joint  and  PacUini;  Kintjs,  Pump  Cups,  Gaskels,  Mnnholes,  Valves,  Sheetim;.  Patent 
"WOODITE"  G.  ("..  Rin.^s,  ard  all  Mechanical  and  other  Goods  which  have  hitherto  been  nKauilaclnred  in  India  Kubber,  Leather,  etc., 
an  now  be  made  of  "WOODITE." 

"WOODITE"    COMPANY,    IVIITCHAM,    SURREY. 
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MclNNES-DOBBIE 


I 


I  I.:itLst  fi.nii  oi"  (iiu  "  Mcliine 


CESIQN  -, 

NO.  2  Vj 

(NSTRUMENT. 


External 
Pressure  Sphino  Ty.- 


PATENT  Indicators 


.  .  for  =  = 

HIGH    a    LOW 
SPEEDS. 

In  two  types  :— 
External  Spring 

and  =  =  = 

Enclosed  Spring 

Each  made  in  several 
Forms  and  Sizes. 

» 

SPECIAL  INDICATORS 
6  Explosion  Recorders 
for  Gas  6  Motor  Engines, 
etc. 


Sole 
Makers: 


DOBBIE  MgINNES,  LD 


T.  S.  Mel  111 


.\  Civ,  l.'ul.  \  Ak;-..  M 


•V  S..n,  Ltd.,  Am.ml.), 


INDICATOR      MAKERS      TO      THE      ADMIRALTY, 

45,  Bothwell  Street,  GLASGOW, 

6  at  GreenocK,  South   Shields,  «5  London. 


THERMO-ELECTRIC 
THERMOMETERS. 


The  couple,  consisting  of  a  platinuni-rlmdium  junci.on,  is  enclosed  in  a 
porcelain  tube.  The  temperature  obtained  is  measured  on  a  special  form 
of  voltmeter,  re.-idinfj  to  1.600  degrees  Centigrade.  Each  division  on  (lie 
dial  is  equal  to  25  degrees  Centigrade.  Price  of  the  instrument,  complete 
with  couple  and  leads,  as  shown  in  the  illustration,  £13  17s.  Od.  An 
instrument  can  be  supplied  wKh  a  scale  of  equ^rt  parts  only  at  £12  17s.  Od. 


The  Cambridge  Scientific  Instrument 

CO.,  LTD., 

CAMBRIDGE,    ENGLAND 

London  Office  :  92,  Hatton  Garden,  E.C. 


Miscellaneous 


JScst  Mori;  ixqiurcs  JScst  XIools, 

The  CORRECT  TOOL  for  WRITING 

/S       UNQUESTIONABLY      THE 

"SWAN" 
Fountain    Pen. 

Three  Sizes,  10s.  6d  .  16s  6d  .  26s. 
All  Prices,  10s.  6d.   to  £20. 
MAY  BE  POSTED  TO  ALL  PARTS  OF  THE  WORLD. 


Ill 


S     ^    Z 

•I   Z   2 

■3   -    < 


SOLD  BY  STATIONERS  EVERYWHERE    COMPLETE  CATALOGUE  FREE. 
Mabie,  Todd  6  Bard,  manufacturer,. 
93,  Cheapside,  London,  E.C. 

95;i,   RcKCut  St.,   W. :   3.   Exchange  St.,  Manchcsier ;  ;uid 
37,   Ave.  de  I'Opcra,    Paris. 


C    2 


Lubrication 


VACUUM"    WASTE    OIL    FILTERS    (Patent). 


SAVE     INITIAL    OUTLAY     IN     A    SHORT    TIME. 

Prices  from  37s.  6d.  to  £21  each,  with  filtering  capacities,  varvinsj  from  2  ,L;alhiiis  per  weeK  to  go  g.illons  1 
--■—'--»  '--  - ■■■ '    " •••— - —     Invaluable  lor  Electric  Lighting  Stations.     Full  p.i 

..  g„   TYPE 


Largely  adopted  by  gas  engine  and  other  machinery  users 


•  day. 

;ulars  1 


( In  three  types.) 
application — also  1 


Open. 


Closed. 


PATENT  FILTER. 


--/.-  =  C 
=  "2  ® 
"i^  £  ^-  c 


-j~  IT  ^ 


0=      E^ 


^    e 


VACUUM    OIL  COMPANY.  Lm  NorfolR  Street,  LONDON,  W.C. 


S 

E 

A 
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pYE'S  PATENT  SEAMLESSOILCO. 


I',ii';iiii.)iiiit  in  thr  Li-lit  of  I'-ull  Kn.|i 
JOSEPH    KAYE   &    SONS,   Ltd. 


i  'i:;    Mini,    n,,ii„ 


Hunslct,  Leeds. 


J 
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W.H.WILLCOX<SCo.,Ltd.    ® 

23.  34  and  36,  Southwark  Street,  LONDON. 

PENBERTHY    PATENT    INJECTOR 


For  ALL  Boilers. 


Acknowledged  the  best  for  Traction 
Engines.  &c. 


OVER    2S0,000     IN    USE. 

HANDLES    HOT    WATER.  Will  Deliver  at  Boilinc  Point. 

WorKs  on  High  and  Low  Pressures. 
AUTOMATIC   and    RESTARTING.  Lifts  up  to   22  ft. 

N     3     STYLES     AND     16    DIFFERENT     SIZES. 


(i 


ASHTON'8  ^^i^Z-  LUBRICATORS 

_  j\lEVEp  FAIL.       Thousands  Sold 


SENT    FOR    ONE    MONTH'S     FREE    TRIAL. 


n  Price      36 


AsH  for  List  36. 


,..    33-    ...    4S/-         T3/-         iiO-    each. 

Do  not  confuse  this  with  the  cheap,  unfinished,  American  make. 

THOMAS   A.   ASKTON,    Ltd.,  Norfolk   Street,  Sheffield. 
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Miscellaneous 


Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 


Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Advertising 

Adver 

Adver 

Adver 

Adver 

Adver 

Adver    

Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 


Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 


Telef^houe— 
970  Bank, 


Telegrams — 
"Telotypk.  Londow 


Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
tising 


WALTER   JUDD,  Ltd 

Advertising  Contractors. 


5.  QUEEN    VICTORIA   ST. 
LONDON.   E  .C, 


Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 


tising 
tising 
tising 
tising 
tising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 


Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 
Advertising 


w  1 


Index 

of       t  K  e 

Technical 
Press 

<]      ^ "' '"        w 
^^       PP.ESSE      i^ 

Jndcx 
CLccbtiiscbcn 


6 


r^  -  ^  n  -r  ■;:> 


■•"1   'j:  ,-r) 


iliLi.L 


fd  reaaf^  ecrvr^Af/f/'/i^/  t/irrt  (.$  /Oc(0<(,s/iec/ rocrar  r 
/  'J  /  iv 

^c///^(/   f/o^/r  ora/ic/t    Ofyt  lo//  ra/i  A'ce/o    (n    f/ic 

JSUMESJloMTHLY. 

UB5CHIFTI0N  '4/MEAf\LY. 

2on«.CH«Ncuu„i.2o\<i5PECi^lEM.C0PY  ReL 
.BRUSSELS. 
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Card  Ledjrers 


The  Rockwell -Wabash  / 

PERPETUAL  CARD   LEDGER    \^ 

Will  Reduce  the  Expense  of  Handling  Your  Ledger 
Accounts  from  25  per  cent,  to  50  per  cent. 


Every  account  is  automalically  indexed,  and  eacli  paid  account  can  be  rcniovetl  to  the  paid  or 
balanced  account  division  as  soon  as  the  account  is  balanced,  showini^  at  a  i^lance  all  the  accounts 
upon  which  money  is  owini,'. 

The  closed  or  balanced  division  shows  a  complete  list  of  customers  WHO  ARE  NOT 
BUYING  from  you  at  the  present  time. 

ONE  OF  OUR  CLIENTS  WAS  ABLE  TO  REDUCE  HIS   LEDGER  STAEI-  ,U  PER  CENT. 

Any  form  of  ruling  may 
be  had  as  desired. 


CL05ED_ACCOUNT5 


WaT^  We-Wh 


Wi-Wy 


X-Y-Z 


nrv/  sk-sr\,'^'  st-sz 


Ro-Ry  \l 


Sa 


NAME 

Li  M,i                               r.  .. 

ADDRESS                                                                                                                                       CASH  DAY                                  | 

OATt                                                                                .                  .      X    . 

■->  1 

1 

■* 

'                           i          <                                                       1         1              III 

:  1 

: 

■  1 

■  ■     " :                     :..:..:!. 

. 

M              8                     II 

1    ' 

_|  J   M     l!      !  1         J  1  i   !   1 J  !!  1 

1 

[ 

'] 

fl 

; 

I) 

1  1  II  i  i 

n 

MUM 

i 

'    ^^ 

ROCKWELL-WABASH  CO.,  Ltd. 


An  index  correctly 
arranged  to  properly 
handle  any  number  of 
accounts  can  be  provided. 

Auxiliary  indexes  are 
dispensed  with,  and  it  is 

never  necessary  to  open 
a  new  ledger. 

Another  of  our  Clients 
says  that  ii  i  TEN 
TIMES  BETTER  than 
the   b'  'k   Icd-c:. 

Our  Catalogue  .\  .  i  j.. 
will  give  you  full  details, 
and  we  will  be   glad  i 


TclcplioiK-      .',(>.?    I DMXIN    \\    Ml. 
Iclc;;tains      '(KHVIM   .    LONDON. " 


OFFICES   and    SHOW   ROOMS:    t^,  MILTON    STREET.    LONDON.    E.G., 
And  at  City  Chambers,  CoIIinRwood  Street.  NEWCASTLE-ON-TYNE. 


ELLIOTT  D.   ROBBINS,  Managing   Director. 


39 


HS™i 


?iS 


5tonebreakers,  &c. 


Stone   Breakers 


(Improved    BlaKe   Type. 


Rollers, 
Screens, 
Gravel  Washers, 
Concrete  Mixers. 


Sc'lioi!  oj  MiIlIuiw 


SAMUEL  PEGG  6  SON, 

Alexander   Street,   LEICESTER,    ENGLAND. 


National  TL-kplume  lO-). 


BLAOKMAN  ELECTRIC  FANS 

(Or  Belt  Driven) 

FOR  VENTILATING. 

OVER  60,000  IN  USE. 

MOST  CONVENIENT, 
EFFICIENT,  & 
ECONOMICAL. 


GOLD    MEDAL 

PARIS,    1900. 


JAMES  KEITH  &BLAGKMAN  GO. 

Ltd.. 

Specialists  in  locating,  Ucntilatind 

and  Bigb  Pressure  (ias  Lighting, 

27,    Farringdon    Avenue, 

LONDON       E.G., 

And   BRANCHES. 

Works:  HOLLOWAY,    N. 

Foundries  1    ARBROATH.  
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INDEX-TO'ADVERTISERS 


Addy,  George,  &  Co 

Allen,  Edgar  &  Co.,  Ltd 

Alley  &  MacLellan,  Ltd 

Allgemeine  Elektricitiits-Gescllschaft 
Anderson,  D.,  &  Son,  Ltd. 
Association  de  la  Presse  Technique 
Ashton,  Thomas  A.,  Ltd.... 
Askham  Bros.  &  Wilson,  Ltd.   ... 

Asquith,  W.  ...         

Automatic  Addressing  Biueaux,  Ltd. 
Avery,  W.  &  T.,  Ltd 

Babcock  and  Wilcox,  Ltd. 

Becker,  R.,&  Co 

Berry,  Hy.,  &  Co.,  Ltd 

Bertrams,  Ltd. 

Blake  and  Knowles'  Steam  Pump  Wc 

Bleichert,  Adolf,  eS:  Co 

Blumann  &  Stern,  Ltd.    ... 
Booth,  Joseph  &  Brothers,  Ltd.... 
Bridge,  D.avid,  &  Co 


Ltd. 


!■  \'  ,1 

PAGE 

...        17 

Britannia  Engine  and  IDol  l-acinry    ... 

...      6 

...       (.9 

British  Steam  Specialties,  Ltd 

...    100 

...       6 

Broadbent,  Thos.,  6t  Sons,  Ltd.            

...      <)l 

...     88 

Brown  Bayley's  Steel  Works,  Ltd 

...      70 

...     60 

Brown  Hoisting  Machinery  Co.            

.  •  •     55 

...     .V^ 

Brush  Electrical  Engineering  Co.,  Ltd. 

...     49 

...     37 

Buckley,  Samuel 

...        (H) 

...     (n) 

Buffoline  Noiseless  Gear  Co 

■  ■■     57 

...     12 

Bullivant  &  Co.,  Ltd 

...     28 

...     — 

liurton,  C.  \V.,  Griffiths  &  Co 

...     14 

J 

Cambridge  Scientitic  Instrument  Co.,  Ltd.    .. 

35 

...     77 

Chester,  Edw.,  &  Co.,  Ltd 

...     27 

...     16 

Chubb  &  Son's  Lock  and  Safe  Co.,  Ltd. 

..      34 

...     41 

Churchill,  Charles,  &  Co.,  Ltd 

...     II 

...     20 

Churton,  T.  Harding        

...      8q 

...     83 

Clarke's  Crank  &  Eorge  Co.,  Ltd 

...      71 

...     29 

Clayton,  Son  &  Co.,  Ltd 

...     7« 

...     44 

Cleveland  Bridge  and  Engineering  Co. 

...     65 

...       <)2 

Cochran  &  Co.  (.-Vnnan) 

...     76 

...       ^  ~> 

Consett  Iron  Co.,  Ltd 

'■: 

HENRY    BERRY    6    CO.,   Ltd., 
Croydon   Works,    LEEDS. 

Specialities:    HYDRAULIC    MACHINERY    &    ELECTRIC    CRANES. 


I 


H..--^ 


CO  Tons  Three-Motor  Eloctric  Crane. 


PRICES,     r  \t^TIH  L.Ak'S,     AM)     I.ISTS     0\     .A  Pri.ICA  IIO.\. 


Ventilation,  &c. 
MATTHEWS  &  YATES,  Ltd.,  Swinton,  Manchester. 


RANS     FOR     NA/ATER     COOLING     TONA/ERS,     ace. 


For 


ONE  PfimATic  Bw, 


RAI3lhiG 

5li(dg&, 
Water  i 


^j  cjjed  forlRi  draind^e  of  CASTBOURME 
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General  Managers. 


•'We  recommend  '  P.P.P.'  PACKING  to  steam 

users  for  economy  and  gond  rcsuh-.  Wc  have  not 
been  able  to  run  some  of  the  best  brands  over  three 
weeks  in  our  engines,  whereas  your  packing  has 
stnod  three  months,  and  at  the  end  of  that  time- 
had  not  hardened." 

WAC.ENHALS,   General  Manager, 
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THE  QUAKER  CITY  RUBBER  CO., 

101.  Leadenhall  Street, 

LONDON,    E.G. 


•  -r  '•►•^•v.r'.- 


Index  to  Advertisers 


—(Contd.) 


Lyle  Co.,  Ltd 

Mabie,  Todd  &  Bard        

McLaren,  J.  cS:  H 

Magnolia  Anti-Friction  Metal  Co.,  Ltd. 

Mason,  W.  F.,  Ltd 

Mather  eS:  Piatt,  Ltd 

Matthews  &  Yates,  Ltd 

JVIeldrum  Bros.,  Ltd 

Melling,  J.  F 

JSIellowes  &  Co 

Met.  Amalgamated  Ry,  Carriage  cS:  Wagon  Co. 

Mills,  Edwin,  &  Son        

Miniees- Watson  Co.,  Ltd 

Xewton  Bros. 

Nicholson  Tool  Co.  

Xiles-Bement-Pond  Co 

Northern  Engineering  Co.,  1900,  Ltd 

Oliver  Typewriter  Co.,  Ltd 

Parker  Foundry  Co 

Parkinson,  J.,  &  Son        

Partridge  &  Cooper,  Ltd.  

Pegg,  S.,  &  Son 

Periam,  H,  \V.,  Ltd 

Phceni.x  Dynamo  Mfg.  Co 

Phosphor  Bronze  Co.,  Ltd 

Piggott,  Thos.,  &  Co.,  Ltd 

Pochin,  E.  Arnold 


PAGE 

..  97 


...  47 

...  Co 

...  J-C 

...  42 

...  62 

...  21 

...  44 

Ltd.  46 
55 

•  ■  •  53 

...  15 

...  13 

...  19 

...  81 


94 
40 
77 
89 


Portable  Building  Co.,  Ltd. 
Power-Cias  Corporation,  Ltd.     .. 

Pratt  &  Whitney  Co 

Pressed  Steel  Car  Co.  ... 
Pulsometer  Engineering  Co.,  Ltd. 

Quaker  City  Rubber  Co 

Reliance  Lubricating  Oil  Co.     ... 

Renshaw,  W.  R.,  &  Co.,  Ltd 

Rice  &  Co.  (Leeds),  Ltd 

Richter,  Gustav 

Robey  &  Co.,  Ltd.  

Rockwell-Wabash  Co.,  I/id. 
Ropeways  Syndicate,  Ltd. 
Rose,  Downs  &  Thompson,  Ltd. 

Rowland,  B.  R.,  S:  Co 

Royles,  Ltd. 

Ryder,  William,  Ltd 

St.  Helen's  Cable  Co.,  Ltd 

Scotch  &  Irish  Oxygen  Co.,  Ltd. 

Scott  &  Mountain,  Ltd 

Scott,  Walter,  Ltd.  

Shannon,  Ltd. 

Shipping  World,  Ltd 

Smith,  G.  F.,  Ltd 

Smith's  Stamping  Works,  Ltd.  ... 
Smith,  Thomas  &  Sons,  of  Saltley,  Ltd 

South  Eastern  &  Chatham  Ry 

South  wood.  Smith  &  Co.,  Ltd.  ... 


P.AGE 
66 

Outside  Back  Cover 


13 

50 
45 

43 
]6 
56 
16 

34 
5 
39 
30 
48 
7'^ 
76 
20 

^4 
^5 
26 
68 
9S 
81 
20 


Hi^h=class 


LUBRICANTS 


For    Machinery   of    Every    Description. 


NOTICE.— During    the    recent    trials  of  H.M.S.  "VIPER,"    when    her  Engines   developed   12,000  Indicated  Horse- 
p    o  power,  and  the  Admiralty  mean  speed  for  the  six  runs  showed  36-581    knots,  or  a  velocity  equivalent 

to  43  miles  an  hour,  our  Lubricating  Oil  was   used  with  most  satisfactory  results. 


BLUMANN  &  STERN,  Ltd.,  K",  Deptford,  London, 


Telegrams:  "BLUMANN,  LONDON." 


Telephone  No. :  02   DEPTFORD. 


S.E. 


NO  PUTTY, 
NO  PAINTIN(i, 
NO 

MAINTENANCE 
NECESSARY. 


PATENT 

No.   8  BAR. 


MELLOWES  &  C^ 

''ECLIPSE" 

ROOF 

GLAZING 


SHEFFIELD  (Works). 
LONDON  :  28,   Victoria  St., 

Westminster. 
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A  Few  Pointers 


ON 


Metallic  Packings. 


Point       I.  Buy  the   BEST. 

Point     II.  The  BEST  is  the  CHEAPEST. 

Point  III.  The  UNITED  STATES  METALLIC 
PACKING  is  the  BEST,  and  therefore 
the  CHEAPEST.       00000 

The  United  States 
Metallic  Packing  Co.,  Ltd.. 

soho  worhs.  BRADFORD. 
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Designers  &   Constructors 
of  Railway  Carriages, 
Wagons,  Tram   Cars, 
Underframes    &    Ironwork 
of  every  Description, 


HEAD   OFFICES: 

Oldbury, 
Birmingham. 

Loiulon  OlpLCs  : 

36,  Victoria  Street, 

Westminster. 

••  Kailcar,  London.  ' 
"  Carriage,  Oldbury. 


SIMPLEST    &    .    . 
MOST   DURABLE 


METALLIC  PACKING 


Fo**    E»,ll    Cla.sses    of    Elrt^irftes. 


IVE£*.rfty    mic»viSEk,nds    in.    XXse. 


THE  UNITED  KINGDOM  SELF-ADJUSTING   ANTI-FRICTION       14.  Cook  St. 
METALLIC    PACKING    SYNDICATE,    LTD,  Liverpool. 


THE 
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Section  oi-  "Drum"  Pump, 


DRUM 

PUMP. 

JOHNSON'S         PATENTS. 


POSITIVE    ACTION. 

NO     VALVES. 
HIGH      EFFICIENCY. 

i)Riiivr 

ENGINEERING  CO., 

27.  Charles  St.. 

BRADFORD. 


TRIUMPH 
STOKER 

TRIUMPH  STOKER  L9, 

3$,  VICTORIA  ST.,  LONDON. 
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Magnolia  Metal 


Magnolia 
Metal . . 


Best  Anti=Friction  Metal 
for  all  Machinery 
Bearings. 


"Flower"   Brand. 

'a,^         The  Name  and  Trade  MarR  appear  on  each 
O  Box  and  Ingot. 

Magnolia  Anti-Friction 
Metal  Company,  of 
Great  Britain,  Limited, 

49,    QUEEN    VICTORIA    STREET. 

LONDON,    E.G. 


Telephone  :  5925  BanK 


Telegrams:  "  MAGNOLIER,   LONDON." 


BERLIN   :     FRIEDRICH     STRASSE,  71.  PARIS  :     50,    RUE    TAITBOUT. 

LIEGE.     BELGIUM   :    36,    RUE    DE    L'UNIVERSITE. 

GENOA,    VIA    SOTTORIPA  :     1,    PIANO    NOBILE. 


Miscellaneous 


ESTABLISHED    1860. 


TEL.  ADDRESS:    "LOCO.,    LEEDS. 


HUDSWELL,  CLARKE  &  Co., 

RAILWAY    FOUNDRY,    LEEDS.  LTD., 

LOCOMOTIVE    ENGINES, 

Of -xU  sizes  and  any  qau-c  of  Kaihv,vv,  of   -reatlv  imrroved  Construclion,  for   Main  or  Branch    HaiKvays,  Contractors, 
'      ^  Ironworks,  Collieries.   'Prices,  Phcjtographs,  and  full  Specilications  on  application. 


P       ®      D  I   r 


Telegrams  :  "FLUES,   LEE1>S.  '     Telephone  (National)  1G74.     AlA  ,\  I;C  Codes  used 


SOLE     MAKERS    OF    THE    "  RODGERS "    PULLEYS    (Registered). 
Wrought    Iron   throughout.    Rim,  Arms,   and    Boss. 

ALSO   "£TCHELLS"'    NON-DRIP    BEARINGS.    SHAFTING.    AND    ACCESSORIES. 

Deightons  Patent  Flue  & 
Tube  Company,  Ltd. 

DEIGHTON'S    PATENT    FURNACE. 

The  Destructive  Test$  have  proved  the  DEIGHTON  FURNACE 
to  be  the  strongest  to  resist  collapse  ever  made. 

It  is  also  unequalled  for  Uniformity  td"  Thickne&s  ;iucl  E.isy  Scaling. 

MAKERS    OF    MARINE   and 
LAND  BOILER  FURNACES. 


Awarded  2  Bronze  Medals, 
Paris  Exhibition.   t'>00. 


ASHLIN    l.s'.i"   (I'ATKNT  Wi'lHl  IIAWAliI.E    1-t  r.NACE 


Vulcan    Works, 
Pepper    Road,  LEEDS. 


The  "Kingston"  Patent  Dredger  6  Excavator. 


Kingston  "  Dredger  and  Grab 

fi.xed  upon  a  Hopper  Barye  of  1. SO  tons  capacity, 
havinj;  separate  propellui.y  engines  aiui  special 
Ijoiler.   as  supplied   to  tlie   Spanish    Cio\ernnient. 


Sole  Manufacturers  and  l^atentees^ 


ROSE,      DOWNS      6      THOMPSON,    Ltd.,         °'^   ^''""f !    ."Vz^^Ma^K^Lane.  LONDON. 


48 


00 


:!.  / 


PAGES  MAGAZINE 


An  Illustrated  Technical  Monthly,  dealing  with  the  Engineering,  Electrical,  Shipbuilding,  Iron  and  Steel, 

Mining  and  Allied  Industries. 


Vol.  III. 


LONDON,  SEPTEMBEK,  IQ03. 


No. 


CRUISER    READY    FOR    LArXCHIXG — FEKkOl.    AKSKXAI.. 

THE  REC0N5TRUCTI0N  OF  THE  5Pa\NI5H 

NAVY. 


LIEUT.-COLONEL     L.     (^UlULLO. 
{Of  Ihc  Royal  Spanish  Aiiilhiy.) 

Lieut. -Colonel  Ciibillo,  who  occupies  a  prominent  position  under  the  Spanish  Ciovernnient, 
discusses  the  various  practical  considerations  that  are  likely  to  arise  in  connection  with  the 
reconstruction  of  the  Spanish  navy — a  measure  now  seriously  contemplated  by  his  countrymen. 
He  argues  that,  except  for  the  manufacture  of  armour-plate,  the  internal  resources  of  Spain  are 
entirely  adequate  for  the  purpose. — Ed. 


QPAIX  has  ceased  to  lament  the  mis- 
^  fortunes  of  the  late  war.  She  has 
ai)plied  herself  seriously  to  a  consideration  of 
the  cause  of  defeat,  and  as  there  is  every  indi- 
cation that  she  is  seriously  contemplating  the 
reconstruction  of  her  navy  it  becomes  desirable 


to  review  the  whole  question  Irom  an  imlustrial 
l)oint  of  view. 

What  plan  should  be  lolioweJ  in  ;in  iiiuler- 
taking  of  such  great  importance  ^  When  this 
question  is  asked,  it  is  assumed  that  a  naval 
programme    has    already    been    decided    upon. 
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l;KXI)l.\(,    AND    >IlAriX(,    SHUl' — FKKKUL    AKhhXAL. 


The   next   thing  necessary  will   be   the   appro-      considered     as     unproductive     that    tends     to 
priation  of  the   required  funds,   and  then  will      develop  the  iron  uidustries  of  the  country,  and 


come  the  momentous  question  of  whether  the 
construction  should  he  carried  on  in  foreign 
countries,  or  m  Spain  :  if  in  Spain,  whether  it 
should  be  carried  on  liy  the  Government  Navy 
Yards  exclusively,  or  by  jirivate  enterprise 
exclusivelv,  or  whether  both  should  be  employed. 
We  shall  try  to  show  in  the  following  article 
that,  with  the  one  exception  of  the  manufacture 
of  armour-plate,  there  are  amj^le  facilities  for 
constructing  a  navy  in  Spam. 

THE      INTRODUCTION      OF     SKILLED      LABOUR      AND 
MACHINERY. 

Nothing  should  come  irom  the  outside  world, 
except  what  is  absolutely 
necessarv,/.t'.,  such  articles 
as  are  not  manufactured 
in  Spain,  or  cannot  con- 
veniently be  made  there. 
In  view  of  the  sacrifice 
which  the  nation  is  to 
im{:)Ose  upon  herself,  in 
order  to  build  a  navy, 
care  should  be  taken  tliat 
the  greater  jiart  of  tlie 
money  expended  remains 
in  Spain,  develojiing  her 
riches,  and  increasing  her 
metallurgical  industries. 
No      endeavour     can     be 


in  this  connection  it  must  not  be  forgotten 
that  the  Spanish  deposits  of  iron  ore  are  among 
the  richest  in  Europe,  while  there  is  also  an 
abundance  of  coal. 

It  is  not  suggested  that  the  authorities  should 
avoid  the  introduction  of  such  necessary  elements 
as  skilled  labour  and  machinery.  Outside 
assistance  of  this  description  is  indispensable 
when  new  branches  of  industry  are  to  be  created. 

The  construction  of  the  modern  American 
navv  is  a  case  in  point.  The  task  was  given 
to  private  corporations,  which  had  no  practical 
experience  in  building  ships  of  war,  and  engineers 
and   foremen   of  dockyards,  experienced  in  the 


r4tt'fe.S!*-*'.^''' 


-^ 


l'R()TKCIi:i)    CRl'lSI-.K    "CAKDKXAL    CISX  KKOS." 

Constructed  at  Fcrrol  Arsenal.     y,ooo  tons  displacement. 


The  Reconstruction  of  the  Spanish  Navy. 
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DRY  DOCK  "LA  CAMPAXA  "— FERKOL  AKSKXAI.. 

Total  Length  of  the  Dock,  158  yards.     Breadth  at  the  top,  29  yards.     Height,  40  feet.      Built  in  the  year  1879, 

at  a  cost  of  5,000,000  pesetas. 


details  of  ship  building,  were  brought  over  in 
haste  from  the  coast  cities  of  Scotland  and 
Great  Britain — especially  the  former.  These 
men  taught  the  Americans  so  well  that  a 
certain  English  engineer,  when  describing  his 
visit  to  the  Cramp  yards,  said  that  the  only 
tongue  one  could  hear  spoken  there  was  the 
Scotch  dialect. 

No  obstacles  should  be  })kiced  in  the  way 
of  bringing  skilled  labour  to  the  countr\-  :  in 
fact,  everything  should  be  done  to  encourage 
its  coming,  in  order  that  Spanish  engineers, 
foremen  of  dockyards  and  mechanics,  who,  as  a 
general  rule,  are  very  intelligent,  may  learn 
such  parts  of  their  professions  as  are  not  well 
known  in  S})ain. 

DISPOSAL     OF     CONTRACTS. 

Assuming  that  tiiL-  iicu  na\y  will  be  Ijuiit  in 
Spain,  the  question  arises  whether  the  contracts 
should  be  given  to  private  corporations  or  to 


Government  Navy  Yards,  or  both.  The  recent 
law  regarding  the  organisation  of  arsenals 
settles  this  point  to  a  certain  extent,  for  it  re- 
serves two  arsenals,  those  of  Ferrol  and  Cartagena, 
for  construction  and  repairs.  But  should  the 
Government  Yards  have  all  this  work  ?  The 
author  favours  a  distribution  of  the  work  among 
the  Government  Xavy  Yards  and  private  concerns 
according  to  their  cai)acities.  This  is  the 
system  adopted  in  England,  where  the  Admiralty 
distributes  the  construction  work  covered  l\v 
each  appropriation,  in  j^roportion  to  the  pro- 
ductive cai)acity  of  the  \-arious  industrial 
districts. 

ALLEGED  DEFECTS  OF  SPANISH  ARSENALS. 

Mulli  is  said  concerning  the  defects  of  our 
arsenals,  but  these  defects  are  not  found  only 
in  S])anish  arsenals  ;  the\-  exist  in  the  arsenals 
in  t-\ery  country,  and  manifest  themselves 
clearU'  when  tlicre  is  a  slackness  of  emploxnu-nt. 
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The  defects  which  are  found  in  the  workshops 
of  Spanish  Navy  Yards  find  their  origin  chiefly 
in  the  interruption  of  constructional  work.  A 
period  of  great  activity  is  succeeded  l)v  one 
of  great  depression,  the  problem  of  dealing 
with  the  superfluous  hands  being  one  of  great 
difficulty.  The  highest  ambition  of  a  Spanish 
workman  is  to  work  always  in  the  i)lace  where 
he  was  born  :  at  least  a  very  large  majority 
regard  this  as  their  ideal,  and  they  insist,  where 
it  is  jiossible.  that  their  children  shall  work 
at  the  same  trade  as  that  by  which  thev  are 
making  a  living. 

In  common  with  the  otlieY  (iovcTument 
organisations  working  under  the  atlministrative 
system,  the  arsenals  labour  under  difficulties 
connected  with  the  purchase  of  sup}:)lies,  their 
buying  powers  being  restricted  by  the  famous 
law  of  Bravo  Murillo.  which  compels  the  invita- 
tion of  public  bids  for  the  purchase  of  sujiplies, 
even  in  the  case  of  a  mere  trifle. 

BETTER     SYSTEMS     NEEDED. 

Instead  of  having  an  oflicial  in  cliarge  of  the 
purchasing  department,  who  would  act  in 
accordance  with  the  technical  conditions  laid 
down  ly\-  the  engineers,  the  department  order 
calls  tor  an  economic  committee,  which  must 
do  all  the  buying.  The  reason  for  this  is  the 
distrust  which  the  S})anish  Government  enter- 
tains towards  its  emjjloyees.  It  never  entrusts 
to  a  single  indix'idual  anything  of  imjiortance, 
either  administratiw  or  teclmical.  To  carry 
out  anything  at  all  there  must  lie  a  committee. 
and  its  members  must  belong  to  diltiTcnt 
departments,  no  doubt  in  order  that  th(.'\-  nKi\- 
watch  each  other.  There  is  thus  am])le  pro- 
vision for  long  discussions,  a  lessening  of  respon- 
sibility, and  the  creation  ol  every  kindof obstacle 
to  the  transaction  of  business. 

It  is  e\-ident  that  in  an\-  scheme  of  ri'con- 
struction  ample  facilities  must  le  jirox'ided  tor 
the  accpiisitioii  ot  raw  material.  Tlie  purchasing 
de})artment  should  l,e  well  oi'ganised  and 
placed  under  the  control  of  an  acti\e  and 
energetic  body  oi  oflieers.  experienced  in 
commercial  life.  The  important  (|uestiono[  ways 
and  means  and  their  application  to  the  business 
in  hand  should  also  1  e  placed  in  competent 
hands. 


NEW     TOOLS     REQUIRED. 

Before  the  new  work  of  building  war  vessels 
is  begun,  it  will  l)e  necessary,  in  the  opinion 
of  the  writer,  that  a  ])reparatory  period  be  given 
to  the  arsenals  for  the  acquisition  of  new 
tools.  These  tools  will  enable  the  work  to  be 
done  much  more  rapidly  and  cheaply  than  it 
is  done  to-day.  By  the  word  tools  we  mean 
exerything  from  the  most  powerful  machine 
or  crane  down  to  the  smallest  hand  tool. 

Three  difterent  de})artments  are  necessary 
to  the  com]:)letion  of  a  battleshij).  The  na\y 
\ard  ])roper.  where  the  hull  is  made;  the  engine 
and  machine  shops  where  the  engines  are 
erected,  and  the  infinite  number  of  auxiliary 
machines  are  constructed  ;  and  finally  the  gun 
shops  and  armour-plate  mills  where  the  offensive 
and  defensi\'e  arms  of  the  ship  are  ]iroduced. 

Let  us  carefully  examine  the  facilities  which 
Spain  has  for  building  battleships,  both  as 
regards  raw  material  and  mechanical  equijiment. 

BOILER     PLATES,     CASTINGS,     ETC 

Fortunately  there  is  no  scarcitx*  of  mills  in 
Spain  capable  of  furnishing  j^lates  of  suitable 
character  for  naval  construction.  The  mills 
of  the  "  Sociedad  Duro  Felquera  "  and  those  of 
"  Los  Altos  Hornos  "  of  Vizcaya.  have  furnished 
to  the  Gowrnment  and  pri\'ate  ship  yards 
excellent  l)oiler  ])lates,  as  well  as  sheathing 
})lates.  The  Mieres  mill  is  now  erecting  a 
powerlul  re\'ersil)le  set  of  rolls,  and.  if  necessary, 
the  Trubia  Mill  could  also  iurnish  thest'  materials, 
as  tlu'y  liaw  just  finished  their  new  [ilate  mill, 
which  is  pro\-ided  with  all  modern  improve- 
ments. The  same  mills  which  roU  the  plates 
can  also  furnish  Ix^ams  and  chaniU'ls  of  large 
dimensions.  They  are  all  jjrox'ided  with  tools 
tor  this  })urpose.  Hence,  as  tar  as  the  hull  is 
concerned.  Sjxiin  is  al)le  to  furnish  all  the 
necessary  materials,  and  of  a  sufficient. y  excel- 
lent quality  to  satist\'  tlie  most  exacting  s|:ecifi- 
cations. 

Since  the  year  i(S8j,  when  the  l-)ilbao  mills 
liegan  to  use  the  Bessemer  process,  and  since 
iSNN,  when  the  Felgiu'ra  mills  started  their 
Siemens  ])lant.  Spanish  concerns  haw  dominated 
the  manutacture  of  soft  steel — the  most  valu- 
able material  which  the  engineer  has  at  his 
disposal. 
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The  mills  would  also  lia\T  lo  turnish  large 
steel  castings  for  the  base  ])lates  of  engines, 
stem  and  stern  posts.  Castings  of  the  required 
weight  are  not  as  yet  made  in  Spain,  but  the 
machinery  for  the  making  ol  these  castings 
is  not  expensive,  and  the  prolilem  will  lie 
quickly  solved  by  the  largi'  nulls  ot  Sjjain. 

STEAM      ENGINES 

With  regard  to  steam  engines  vSpain  has  the 
materials  and  the  ability  to  build  marine  engines, 
whether  for  a  battleship  or  ])rotected  cruiser 
of  large  displacement  and  last  speed.  The 
works  of  "  Maquinista  Terrestre  y  Maritima  " 
and  the  "  Astilleros  dc  Bilbao  "  have  shown 
that  they  know  how  to  construct  trii)le  and 
quadruple  expansion  engines  of  the  most 
advanced  types.  Rear-Admiral  Mehille,  I'.S.N.. 
discussing  the  best  manner  of  economically 
obtaining  two  speeds  for  a  man-of-war.  one 
for  cruising  in  times  of  peace,  and  the  other 
a  maximum  speed  in  time  of  war,  suggests  the 
use  of  three  sets  of  engines.  cou])led  to  three 
propellers,  and  it  may  be  that  in  future  battle- 
ships this  idea  will  be  carried  out.  The  central 
engine  is  used  for  cruising  in  times  of  jieace.  and 
the  three  together  for  producing  the  maximum 
speed.  This,  of  course,  would  lead  to  the 
building  of  engines  of  medium  power,  and 
consequently  of  easier  construction.  It  is  risky 
to  prophesv,  but  the  progress  which  the  Hon. 
C.  A.  Parsons  has  made  with  his  steam  turbine 
as  applied  to  the  j)ropulsion  of  ships,  may  lead 
to  the  use  of  the  steam  turbine  for  ships  of 
medium  displacement.  There  is  no  doubt  but 
that  the  factories  of  the  Catalonian  Provinces 
are  able  to  furnish  all  the  necessary  electrical 
machinery  of  the  best  quality,  not  only  for 
generating  light,  but  for  other  necessary  services 
on  board  ship. 

GUNS. 

In  Spain  there  are  at  this  time  machines  of 
sufficient  capacity  for  producing  all  parts  of 
the  guns  which  will  be  necessary  for  the  new 
navy.  The  tools  recently  installed  at  Trubia, 
with  a  small  appro[)riation  to  j.ut  the  1.200-tons 
Tannett-Walker  press  in  the  same  condition 
as  the  new  3,000-tons  Whitworth  i)ress.  will 
]:)lace  the  arsenals  in  a  position  to  manufacture 
all  the  tul)es,  hoo])S,  etc.,  for  the  guns  lor  the 
new  na\'v. 


At  Astilleros  there  is  still  another  j)owerful 
forging  press  of  the  same  cai)acity  as  the  one 
at  Trubia  and  made  by  the  same  manufacturer  ; 
but  at  the  })resent  time  this  press  is  not  being 
used,  as  it  is  not  needed. 

ARMOUR-PLATE. 

Concerning  the  manufacture  of  armour-plate 
the  same  cannot  be  said.  For  the  manufacture 
of  armour-plate  required  by  the  modern  battle- 
slii])  and  protected  cruiser,  Sjniin  has  nothing 
which  could  be  used,  and  would  have  to  instal 
an  I'litire  plant.  She  is  interested  to  find  out 
whether  it  would  be  well  for  her  to  establish 
either  a  prixate  or  Government  armour-plate 
mill. 

Let  us  now  sec  whether  it  would  be  convenient 
to  the  interests  of  the  country  to  establish 
cither  a  private  or  a  (iovernment  plant  of  this 
character.  From  an  economical  point  of  view 
our  answer  is  categorical — it  is  not  convenient 
to  build  such  a  plant.  Spain,  no  matter  how 
huge  a  navy  she  intends  to  build,  would  surely 
not  require  more  than  sixteen  battleships, 
and  no  matter  how  raj)idly  the  construction 
of  these  was  pushed,  we  believe  she  woukKnot 
aspire  to  construct  more  than  two  shi])s  per 
annum,  thus  completing  the  navy  in  eight  years. 
Would  it  be  worth  while  to  establish  a  ])lant 
the  usefulness  of  which  is  to  last  so  short  a 
time,  and  the  cost  of  which  is  to  be  written 
off  so  soon  ?     We  believe  it  would  not. 

We  would  only  recommend  trying  to  manu- 
facture armour-plate  in  S])ain  provided  it  were 
undertaken  by  a  j)rivate  concern,  which  could 
manage  its  plant  so  admirably,  both  technically 
and  economically,  that  .t  would  be  possible 
to  produce  plates  as  chea))ly  or  cheaper  than 
in  a  foreign  country. 

It  would  also  be  advisable  to  mamdacture 
armour-i)late  in  Spain  if  the  country  had  the 
idea  of  building  one  or  two  battleships  each 
vear  for  an  indefinite  numiier  of  years.  One 
great  objection  to  building  an  armour-plate 
l)lant  is  that  it  is  not  adajited  to  an\-  other 
line  of  steel  manufacture,  and  with  the  exception 
of  the  Siemens  furnaces  tiie  |)resscs.  the 
cementing  furnaces,  the  heav\-  |)laners  and 
other  machine  tools  would  l)e  usetul  lor  110  other 
purpose. 
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We  have  spoken  already  of  the  technical 
difficulties  which  surround  the  manufacture  of 
armour-plate.  The  troubles  and  difficulties 
which  such  exacting  work  gives  to  the  engineer 
are  too  numerous  to  be  counted.  \A'e  shall 
mention  in  proof  of  this  opinion,  one  bit  of 
testimony  of  great  weight,  i.e.,  that  of  ^Ir. 
Carnegie,  a  man  of  wide  experience  in  the 
manufacture  of  steel. 

His  report  to  the  Xa\'al  Committee  of  the 
American  Senate  was  to  the  following  eftect  : 
"  In  the  works  of  my  comjiany  we  obtain 
monthly  150,000  tons  of  common  soft  steel  and 
from  200  to  300  tons  of  armour-])late.  The 
300  tons  of  armour-j)late  give  us  more  trouble 
than  the  150,000  tons  of  common  steel.  If  the 
Government  so  wishes.  I  am  willing  to  sell  m\- 
plant,  and  I  will  do  even  more.  I  will  teacli 
the  process  of  manufacture  to  the  officials 
who  may  be  designated.  When  I  started  in 
this  busine-ss  it  was  solely  owing  to  ]iatriotic 
motives,  and  to  my  ha\-ing  l:een  strongly  urged 
by  the  President  of  the  Republic,  who  consiceied 
the  matter  of  the  highest  importance  to  the 
nation.  I  ha\'e  devoted  all  my  energy  to  this 
plant,  and  three  large  gangs  of  workmen  hax'e 
worked  at  the  installation  of  the  shops  day  and 
night  and  holidays  included,  changing  off:  each 
eight  hours,  and  we  have  completed  the  plant 
in  a  very  short  time.  For  a  service  of  this  kind 
the  dignit\'  of  a  peer  would  surely  have  been 


given  to  me  in  England  :  in  France  I  would  have 
been  graced  with  the  insignia  of  the  Legion  of 
Honour." 

This  was  his  way  of  giving  vent  to  the  many 
troubles  he  had  encountered  in  the  manufacture 
of  armour-plate,  and  the  enormous  profits  which 
he  realised  in  the  manufacture  of  steel,  especially 
during  the  last  period  of  high  prices,  when  the 
})rofitsobtainedw^ere  more  than  10,000,000  dols,, 
did  not  come  from  armour-plates,  but  from  the 
200.000  tons  of  soft  steel. 

In  the  armour-plate  industr\-  more  than  in 
any  other  a  long  period  of  apprenticeship  is 
necessary  :  the  plates  are  neither  forged  nor 
cemented,  tempered  nor  shaped,  even  where 
jx^ople  are  familiar  with  their  manufacture, 
without  a  great  loss  of  time  and  money.  For 
this  reason,  the  Japanese,  who  are  building 
an  armour-plate  plant,  have  anrounced  that 
they  will  not  commence  to  make  cieliveries 
before  seven  years.  It  is  clear  that  this  time 
could  be  shortened  considerabh'  if  there  is 
an  unlimited  supply  of  money,  and  if  the  new 
plant  is  put  in  charge  of  experienced  engineers. 

Finalh-,  summing  up  in  a  few  words  our  ideas, 
we  should  say  that  the  construction'  of  the 
future  na\-y  can  and  should  be  done  with 
domestic  raw  material,  with  the  one  exception 
of  the  armour-j^late.  In  this  way  75  per  cent, 
of  the  appropriation  voted  would  remain  in 
Spain  to  develop  her  resources  and  wealth. 
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THE    LAYING  OUT  OF  ENGINEERS' 
WORKSHOPS. 
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The  present  article  is  concerned  with  the  ventilation  and  warming  of  Engineers'  buildings,  special 
attention  being  paid  to  the  needs  of  large  shops.  Some  instructive  typical  examples  of  new  plants  are 
included.  Previous  articles  have  dealt  with  General  Conditions  (March,  1903),  the  Separate  Units 
Comprised  in  an  Engineers'  Works  (April),  Ground  Plans  (May),  Walls  and  Roofs  (June),  Floors,  Tracks, 
and  Windows  (July).— Ed. 


VI. 


IMPORTANCE     OF     PROPER     VENTILATION     AND 
WARMING. 

X  modern  workshojis  the 
ventilation  and  warming  of 
shops  are  important  con- 
siderations, though  in  many 
of  the  older  works  they  do 
not  appear  to  have  been 
considered  at  all.  It  is,  of 
course,  not  only  a  question  of  comfort  for 
the  hands  ;  it  is  also  one  for  the  employers. 
Formerly,  if  men  complained  of  cold,  the 
retort  was,  "  Warm  yourself  with  your 
work" — advice  which,  if  carried  out,  meant 
more  work  produced.     That  is  no  longer  possil)le 


in  large  dejiartments  where  men  are  simply 
machine-minders,  and  where  cold  fingers  and 
cliill)lains  })revent  proper  handling  of  tine 
mechanisms.  Inanimate  objects  sutler  in  damp 
shops,  becoming  rusty,  and  involving  extra 
labour  to  clean  them.  This  state  of  things  is 
ha])i)ilv  changing,  for  few  firms  would  now 
lay  out  new  works  without  including  etHcient 
ventilation  and  warming  in  the  design. 

In  America,  where  the  extremes  of  tempera- 
ture are  greater  than  they  are  with  us,  the 
systems  in  use  are  highly  developed,  and  a  very 
important  point  is,  that  the  same  aj)paratus 
is  u-((l  l<ir  warming  in  winter  and  for  cooling 
in    sunnner,    \-entiiation    and     warming     being 


(20O 


Page's   Magazine. 


combined.  This  involves  the  installation  of  a  while  conniionly  x'fiitilation  is  onlv  obtained  in 
large  system  of  pipes,  a  heater,  or  heaters,  and  crude  fashion  by  the  device  of  opening  and 
a  fan  or  fans.     Air  is  the  medium  employed.  closing  of  windows  or  ventilators. 

Hitherto,  when  heating  has   been  emplo\'ed  Whatever  system  of  ventilation  and  heating 

at  all  in  England,  it  has  been  more  often  done  is  selected,  a  decision  should  be  arrived  at 
by  means  of  exhaust  steam  or  hot-water  pipes,      before   the   Iniildings  are   commenced,    so    that 

suitable  provision  can  be  made  in  due 
course  for  the  various  fittings,  openings, 
foundations,  etc.,  that  are  required. 

THE     TRUE     STANDARD     OF      PURE     AIR 
SUPPLY. 

1  A  very  inadequate  standard  for 
;  wholesome  conditions  of  breathing 
i;  has  long  been  adopted,  that  of  a  mini- 
;  mum  of  so  many  cubic  feet  of  air  space 
\  for  each  individual — about  250  cubic 
;  feet.  But  this  is  of  no  ])ractical  value 
S  apart  from  the  more  important  question 

of  the  constant  and  regular  renewal  of 

t.  th'j  air.     K    capacity  of  ten  times  this 

z  volume    would  l>ecome   vitiated  unless 

means  were  jirovided  for   free  ventila- 

:  tion.        Half   that   capacity   would    be 

^-  sufhcient    with     raj)id    renewal.      The 

?.  jM'oper  test    is  the  volume  of  carbonic 

~_j  acid  ]iresent  at  any  period,  nine  to  ten 

^  volumes  of  this  gas  per  10,000  ft.  of  air 

:<  being    the    maximum  which  should  be 

i  allowable.       Kut    in    engineers'    work- 

^  sho])s.  built  on    the    one    tioor    design. 

:^  the  cubic  caj)acities  are  so  far  in  excess 

S  of  those  required  that  ra])id  renewal  of 

~^  the  air  is  not  sf)  necessary  as  it  would 

^  be,   for   instance,    in    storied    buildings, 

r  crowded  with  small  machines  and  man\ 

-^  hands. 

^  THE     OBJECTIONS    TO     VENTILATiON      BY 

MEANS     OF     WINDOWS. 

y. 

2  W'ntilation     as    cunnnoiily    obtained 

~  1)\-  the  device  of  opening  windows,  anil 

3  1)\- the  emj^loyment  of  fixed  and  liingr'd 
p;  louvres  and  ventilators,  is  subject  to  the 
■•^  strong  objection  of  the  setting  uj)  of 
^  draughts.  Men  who  aie  occuj)ieel  near 
•i  the  windows  have  to  endure  the  inflow 
'^  of  cold  a.ir  for  the  benefit  of  those  who 

are  nearer  the  centre  ot  the  building, 
and  those  who  ol)ject  to  this  vicarious 
sacrihce  are  subject  to  unkintl  remark^;. 
In    winter    time     this     cruile     form    of 
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The  fan  has  a  capacity  of  75,000  cubic  feet  of  air  per 

minute. 


Ill  luU  swini;'.  Tlic  sN'stcni  takes  no  account 
citluT  of  ventilation,  \vhil<^  the  act  of  ven- 
tilating by  windows  abstracts  some  of  the 
heat  derived  from  the  ]-)ipes.  Another 
tiDuble  with  th.e  liol-water  sj'stem  is  that 
it  is  \-er\-  difficult  to  'jct  a  large  shop 
coinfoiiabh'  waruKnl  when  tlu'  weather  is 
considerably  below  freezing  outside.  Neither 
can  it  be  utilised  for  cooling  a  shop  in 
summer  time.  The  hot-water  system  is 
l^robablv  the  best  for  olftces,  combined  with 
radiators,  in  which,  however,  it  divides 
favour  with  stoves.  In  some  of  these  the 
temperature  can  be  controlled  by  an  electric 
device,  which  contains  a  thermometer  and 
a  switch  in  combination.  A  ])ointer  ca.n 
be  set  on  a  graduated  scale  to  indicate  the 
temperature  desired,  and  an  eiectric  con- 
troller maintains  the  temperature  here 
unaltered. 


ventilation  is  unendurable,  and  rather  than  face 
the  chilling  gusts  of  fresh  air  from  outside,  the 
internal  air  is  allowed  to  become  stagnant  and 
heavil}'  laden  with  carbonic  acid,  to  which  the 
burning  of  gas  often  adds  its  quota.  And  then, 
too,  the  shops  are  cold  unless  artificial  warmth 
is  produced,  and  this  is  what  is  not  done  in 
one  half  the  works  in  this  country.  It  is  very 
unusual,  even  now,  to  find  a  foundry  cr  a 
boiler  shop,  or  a  big  machine  shop  warmed  in 
winter.  The  small  dejiartments  are  not 
infrequently  warmed  with  stoves,  or  with 
hot-water  pipes,  or  exhaust  steam  pipes  ; 
but  little  more  than  this  has  been  done. 
Only  in  some  of  the  works  built  within  the 
last  four  or  five  years  has  the  necessity 
for  sufficient  ventilation  and  adequate 
warming  been  recoirnised  and  carried  out. 


WARMING     BY     HOT     WATER. 

The  system  of  warmiuc^  bv*  hot  water, 
heated  in  a  stove  in  the  basement,  and 
circulated  through  a  return  system  of 
pipes,  is  wasteful  when  ai)plied  to  a  large 
shop,  and  it  is  not  cajxible  of  precise 
regulation  as  a  whoh',  to  say  nothing  of 
that  local  control  which  it  may  be  desirable 
to  exercise  in  different  shoi)s,  rooms,  or 
offices.  One  or  two  hours  are  occupied 
in    the    morning    in  getting    the  a]>[)aratus 


STOVES     FOR     OFFICE     BUILDINGS. 

There  are  manv  sho])S  of  moderate  dimensions 
for  which  a  s\'stem  of  lieating  ].i]>es  is  not 
n.ec(^ssar3-.  but  for  wliich  a  stove  would  answer 
the  })urpose.  In  a  storied  shop  a  stove  in  the 
loasement,  with  hot  air  flues,  is  suitable,  as  it 
is  for  offices,  providing  both  warming  and 
ventilation.  The  Musgrave  slow  combustion 
stoves  are  thus  used,  and  also  in  several  engineers' 
shops    of    large    dimicnsions.     In    this    system 


Mi:i.i)-c Ak'K'i  \(.r   simc  ni-  Mi-.ssks.  \ici. 

LTD.,    LAKKOW-IX-I'lM 
Capacity  of  fan,  5,1,'Joo  cuImc  feci  1 


I-  KS,   SONS  AND    MAXIM, 
IXLSS. 

if  ail"  pel"  minute. 


204 


Page's    Magazine. 


1=0 


CO. 


O] 


patented  l)y  Messrs.  Musgrave  and  Co..  Ltd..  of 
Belfast,  the  air  is  warmed  bv  a  stove  in  the 
Ixise.  and  is  thence  distrilxited  to  the  floors 
above.  Fresh  air  flues  lead  in  from  the  outside 
of  the  building,  and  the  heated  air  is  conveved 
to  the  rooms  above  through  earthenware  pipes, 
or  brickwork,  or  in  iron  pipes  properly  insulated. 

VENTILATING     FANS     IN     WALLS. 

Another  method  is  that  of  ventilating  fans 
hxed  in  walls,  driven  either  by  l)elts,  small, 
self-contained  engines,  or  electric  motors.  These 
are  admirable  for  certain  classes  of  buildings 
and  shops  of  moderate  size,  but  they  are  not 
so  well  adaj^ted  to  large  works,  nor  do  they 
touch  the  problem  of  heatint^. 

SYSTEMS     THAT     COMBINE     VENTILATION     WITH 
HEATING. 

The  e]nj)loyment  of  open  windows,  louvres, 
ventilators,  hot-water  jMjjes.  and  fans  is  alike 
oj^en  to  the  objection  that  these  require  a  good 
deal  of  attention  to  secure  even  an  approxima- 
tion to  the  adjustments  of  tem])erature.  They 
involve,  moreover,  the  adoption  of  two  separate 
systems,  when  ventilating  and  heating,  or  cooling, 
should  properlv  be  united  in  one.  The  fore- 
going devices,  though  suital)le  for  small  shops,^ 
and  for  offices,  fail  to  meet  the  conditions  of  the 
largest  works.  No  big  works  should  now  be 
built  without  ]:)rovision  both  for  changing  the 
air  and  warming  it  in  winter,  together  with 
the  necessary  means  of  rej^ulation.  That  these 
two  matters  have  generally  been  separated,  both 
in  thought  and  fact,  and  have  been  considered 
as  distinct  for  so  long,  is  a  striking  c()inmentar\- 
on  the  conservative  attitude  ol  mind. 

But  it  is  clear  that  such  a  combined  system 
does  not  offer  such  simj)le  i)roblems  for  solution 
as  the  others  do.  A  good  deal  of  expert  know- 
ledge has  to  he  brought  to  f)e;ir  upon  it.  The 
])rob]em  is  not  merely  that  of  supplying  a 
s])ecihc  amount  of  heat  to  a  shop,  but  also  that 
of  supj)lying  sufftcient  to  compensate  for  the 
escajiing  heat  which  ])asses  awa\'  with  the  air 
to  the  colder  atmosphere  witliout.  and  ot  that 
which  enters  from  without  through  doors, 
windows,  and  roof.  Means  also  have  to  be 
adopted  for  directing  the  currents  of  air  ecpiabh- 
through  large  buildings. 

The  best  svstems  of  combined  ventilation 
and   heating   are    those   which    are   effected   by 
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means  of  fans,  heaters  and  pipes.  In  these  the 
air  is  drawn  into  the  building  through  heaters, 
warmed  either  by  exhaust  or  hve  steam,  and 
distributed  under  pressure  through  pipes  or 
ducts  having  suitable  outlets  in  the  shops. 
The  advantages  of  such  a  system  are  that  the 
heater  or  heaters  can  be  situated  centrally  in 
the  basement  of  the  building,  that  the  air 
supply  and  the  temperature  are  under  j)erfect 
control,  that  the  temperature  is  capable  of 
regulation  for  different  rooms,  that  draughts  are 
nearly  eliminated,  and  that  any  required  volume 
of  pure  air  can  be  supplied.  It  is  independent 
of  the  state  of  the  outside  atmosphere,  since 
the  pressure  and  the  temperature  of  the  air 
are  capable  of  regulation.  Instead  of  cold 
draughts  of  incoming  air,  a  warm  current  under 
equable  pressure  and  in  positive  volume  is  dis- 
tributed by  the  pipes  and  ducts  at  regular 
intervals.  It  has  the  great  advantage  of  com- 
bining ventilation  with  heating,  which  the 
older  systems  of  heating  ajij^aratus  do  not,  or, 
at  least,  in  a  very  slight  and  uncertain  degree. 
The  heating  is  started  more  rapidly  than  by  hot- 
water  pipes,  or  a  central  stove  system,  which 
seldom  effect  any  appreciable  alteration  in 
temperature  until  breakfast  time.     A  building 


can  Ik'  warmed  as  readih'  in  the 
coldest  weather  as  in  moderately 
cold  conditions,  and  all  is  under 
absolute  control.  In  a  fan  system, 
the  incoming  air  can  be  either 
warmed,  moistened,  or  filtered. 
Being  forced  under  jiressure  into 
the  shops,  its  ]>ressure  causes  the 
expulsion  of  the  impure  air,  cither 
through  flues,  or  through  doors 
and  windows,  the  latter  generally 
sufficing  in  large  works. 

Incidentally,  too,  the  installation 
of  such  a  system  lends  itself  to 
subsidiary  benefits  \\\  tlie  works,  as 
the  drawing  away  of  dust  from 
emery  wheels,  smiths'  forges,  saws. 
and  wood-working  machines,  and 
of  fumes  from  chemical  baths.  It 
is,  therefore,  absolutely  certain 
that  a  few  years  will  see  immense 
extensions  of  this  system  in 
engineers'  works. 
In  systems  of  this  kind  the  heater  comprises 
a    larse    number    of    small    tubes,    about    i  in. 
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in  diameter,  built  u|)  in  sections  on,  a  suitalUe 
series  of  chambers,  which  permit  of  the  circuhi- 
tion  of  steam,  that  warms  the  air  passed 
among  the  tubes  at  a  high  rate.  sa\-  about 
1, 200  ft.  a  minute.  The  efficiency  as  comjxared 
with  stagnant  air  in  contact  with  hot  water 
pipes,  is  evident,  with  a  corresponding  reduction 
in  the  area  of  the  heating  su.rface — about  one- 
fifth  at  the  above  rate  of  transmission. 

In  an  engineers'  factory,  as  already  remarked, 
the  areas  are  largely  in  excess  of  those  which 
are  required  on  the  basis  of  250  cubic  feet  of 
air  ]3er  man.  Here,  therefore,  the  question  of 
heating  is  of  primar\-  imj)ortance,  and  ventila- 
tion becomes  subsidiary.  That  i^.  the  area 
required  for  heiding  exceeds  that  wanted  for 
ventilation   simj)lv. 

THE      BUFFALO     SYSTEM      AT     THE      BR;TISH 
WESTINGHOUSE     WORKS. 

Probably,  the  Itigi^ot  insbillation  of  the  kind 
in  this  country  is  that  at  the  British  Westing- 


house  Works  at  Manchester,  which  we  are  able 
to  illustrate  l)y  the  courtesy  of  the  I^uffalo 
Forge  Companw  of  l^uffalo.  N.Y..  and  30, 
\'ictoria  Street,  S.W.,  who  designed  and  supplied 
the  ■})lant.  Another  big  works  in  which  the 
Buffalo  system  has  been  installed  is  that  of 
the  Barrow-in-Furness  shojis  of  Messrs.  \'ickers. 
Sons,  and  Maxim,  Ltd.  This  system  is  also 
in  use  in  a  very  large  numl^er  of  works  and 
jniblic  buildings  in  America. 

The  apj)aratus  consists  essentially  of  the 
following  elements.  A  l)oiler.  and  steam  heater 
coils,  the  latter  being  built  up  in  sections,  or 
units,  enclosed  in  a  casing  of  sheet  steel,  and 
connected  with  a  fan,  and  \\-ith  the  air  pipes 
which  lead  into  x'arious  parts  of  the  Inulding 
and  distrilnite  the  air.  The  fan  draws  fresh 
air  from  without  over  the  steam-heating  coils, 
or  forces  it  over  the  coils,  according  to  the 
system  emplo\'ed.  When  heated  it  is  forced 
in.to  the  air  j)i})es  and  discharged  at  a  suitable 
height  above  the  floor  line  in  the  shoiDS  to  be 
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heated.  The  elements  cf  th;>  s\-steni.  therefore, 
are  the  fan,  the  heater,  with  its  sections,  valves, 
etc.,  and  means  of  returning  the  water  of  con- 
densation to  the  boiler  house,  the  distributing 
pipes,  and  the  means  for  cutting  out  sections 
that  are  not  wanted  at  certain  seasons.  These 
details  are  shown  in  tlic  acrompan\ing  drawings 
as  follows  : — 

THE     GENERAL     ARRANGEMENT. 

Fig.  I  {ante)  illustrates  tlie  general  arrange- 
ment in  plan,  of  the  air  piping  through  the  main 
machine  shop,  with  the  eight  se])arate  "  plants  '' 
comprised  in  this  installation,  all  discharging  air 
collectively,  or  independently  into  the  closed 
system  of  galvanised  iron  pipe  seen  in  the 
figure.  Fig.  2  is  an  end  elevation  of  the  machine 
shop,  showing  the  plants  in  position  uj)  in  the 
roof  trusses,  and  the  vertical  air  pipes  or  ducts. 
Fig.  3  is  an  enlarged  outline  plan  of  one  of  the 
plants,  comprising  fan  and  heater.  Fig.  4  is 
an  outline  elevation  of  a  fan  on  a  larger  scale. 
Figs.  5  and  6  show  the  connection  of  a  fan  to 
the  pipes.  Fig.  7  illustrates  the  details  of 
ducts. 


DETAILS. 

Coming  into  details,  the  machine  shop.  fig.  i, 
which  is  of  immense  size,  measuring  goo  ft. 
long,  by  320  ft.  in  width,  and  has  a  content  of 
21,870,000  cubic  feet,  is  heated,  as  we  just 
remarked  by  eight  plants,  all  practically  alike 
(fig.  3),  discharging  air  into  the  closed  sj'stems  of 
galvanised  iron  pipe  located  as  shown.  The 
eight  plants  can  displace  all  the  air  in  the  build- 
ing every  forty-five  minutes,  that  is  to  say, 
the  fans  together  will  handle  486,000  cubic 
feet  of  air  ])er  minute,  or  each  fan  will  control 
60.800  cubic  feet  per  minute.  The  plants  are 
located  on  the  platforms  provided  in  the  tops 
of  the  Iniildings  within  the  roof  trusses 
(fig.  2).  Three  of  these  are  placed  in  each  of 
the    outside  ])ays,  and  two  in  the  central  bay 

(fig-  I)- 

The  following  brief  account  of  the  items  in 
the  plant  will  apply  to  each  of  the  eight. 

FANS. 

Each  fan  (fig.  4),  has  a  blast  wheel,  8  ft.  10  in. 
in  diameter,  by  4  ft.  5^  in.  wide  (fig.  3),  passing 
60,800  cubic  feet  of  air  per  minute,  when  running 
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at  200  revolutions  jkt  minute.  At  this  speed 
it  absorl)s  about  30  b.h.p.  These  wheels  are 
■carried  by  shafts  4  in.  in  diameter,  runninj^f  in 
self-aligning  chain  oiling  bearings.  4  in.  m 
diameter,  by  13I  in.  long,  each  bearing  carried 
by  heavy  angle  iron  girders  fastened  to  the 
side  plates  of  the  housing,  and  to  vertical 
supports.  The  wheels  are  constructed  on  a 
double  T  iron  sj)ider.  witli  heavy  cast  iron  hubs. 
The  wings  are  of  the  curved  pattern  (fig.  4), 
of  No.  10  gauge  steel,  reinforced  by  flanges  of 
similar  gauge,  and  further  strengthened  by  flat 
iron  rings  on  the  circumference,  and  angle  iron 
rings  at  the  inlets.  Each  fan  is  ]:)rovide(l  with 
a  ]nillev  belt  driven  from  its  own  niotoi'.  the 
latter  being  of  40  h.j).  400  \-olt.  poh.phase. 
Westinghouse  make. 

HEATERS, 

The  heater  (com])are  fig.  ■;  with  photo  on  the 
same  ])age)  consists  of  ten  independent  lour-iow 
sections,  each  section  being  5  ft.  l(Mig.  7  ft.  4  in. 
high,  and  8  in.  wide,  each  section  mounting 
four  staggered  rows  of  i)i])ing  of  i-in.  inside 
diameter.  The  com|)lete  heater  for  each  of 
tlie  eight  j)lants  contains  7,000  linear  feet  of 
l-in.  ])ipe.  These  sections  were  tested  to 
hydraulic  ])ressure  of  150  lb.  per  square  incli. 
The    ten    independent    sections    are    ])laced    in 


two  batteries  of  five  each,  set  back  to  back. 
An  important  detail  is,  that  each  independent 
section  has  it's  own  steam  and  drip  connection, 
both  with  the  steam  receiver  and  the  drip 
header,  which  permits  any  section  or  any 
number  of  the  sections  to  be  cut  out  of  use 
witliout  affecting  the  utilit\-  of  the  remaining 
ones.  The  water  of  condensation  from  these 
heaters  is  returned  to  the  boiler-house  by  the 
Warren  Wel^ster  Vacuum  system,  in  which  a 
\acuum  pump  is  employed.  Multiple  ther- 
mostatic valves  by  this  firm  are  used,  being 
designated  b\-  units.  A  5-unit  valve  is  ]:>laced 
on  the  heater  with  which  the  air  comes  into 
contact  first,  a  4-unit  valve  on  the  next,  a 
3-unit  on  the  ne.xt,  a  2-unit  on  the  next,  and 
a  2-unit  on  the  next. 
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In  the  plan  view  of  the, arrangement  (fig.  i) 
the  fans  are  indicated  at  A,  the  heaters  at  B, 
while  the  steam  and  return  pipes  are  denoted 
by  lettering  adjacent  to  each  respectively. 
The  air  is  drawn  through  the  steam-warmed 
heater  by  the  action  of  the  fan  adjacent,  and 
sent  on  through  the  main  pipes  C,  and  dis- 
tributed thence  through  the  discharge  tubes,  a, 
into  the  shop. 

This  system  of  ])ipes,  which  looks  rather 
lost  on  the  general  drawing,  is  really  a  ver\:  big 
one.  The  largest  sizes  next  the  fans  are  42  in. 
in  diameter,  whence  they  become  reduced  in 
size  to  '^z  in.  and  30  in.  The  large  discharge 
tubes,  D,  are  18  in.,  the  smaller  ones,  8  in.  to 
10  in.  diameter.  There  are  several  features 
in  connection  with  these  ])ipes  that  should  he 


noticed.  The  })ipes  are  made  of  galvanised 
iron  of  different  gauges  suitable  to  their 
diameters,  so  that  lightness  is  secured.  All 
pipes  of  8  in.  to  10  in.  diameter  are  of  No.  26 
galvanised  iron  gauge  ;  those  of  13  in.  to  18  in. 
are  of  24  gauge;  10  in.  to  24  in.,  23;  25  in. 
to  30  in.,  22  ;  31  in.  to  40  in.,  20  ;  41  in.  to 
50  in.,  18  ;  and  those  of  50  in.  and  over  are  of  16 
gauge.  The  branch  pipes  and  the  discharge 
tubes  leave  the  main  pipe  with  conical  con- 
nections, one  of  which  is  shown  enlarged  in 
fig.  6.  The  result  is  that  no  impediment  is 
offered  to  the  passage  of  the  air  in  either  direction- 

The  pipes,  C,  extend  from  the  heating  plant 
placed  on  the  platforms  overhead  (fig.  2), 
and  run  in  both  directions  through  the  entire 
length  of  the  machine  shop  between  the  openings 
in  the  roof  trusses  down  to  the  outside,  and 
the  central  bays  (fig.  i).  At  every  other  girder, 
or,  what  is  the  same  thing,  at  every  32  ft. 
along  the  entire  length  of  the  two  outside  and 
central  bays,  the  downcomers,  a,  are  placed, 
extending  to  within  12  ft.  of  the  ground  line. 
These  pipes  are  iS  in.  in  diameter,  and  form 
a  Y  at  the  end,  having  two  15-in.  discharge 
pipes.  Along  the  front  and  rear  walls  of  the 
shop,  at  about  every  32  ft.,  are  placed  similar 
downcomers.  The  heating  and  ventilation  of 
tlie  first  floor  on  the  two  outside  and  central 
bays  is  provided  for  by  short  tul)cs  at  about 
every  32  ft.  Each  discharge  tube  is  provided 
with  an  adjustable  volume-regulating  damper 
to  control  the  sup})ly  of  air  at  every  point  of 
discharge. 

The  Buffalo  Com])any  liave  also  constructed 
plants  for  the  Box  Factory,  Pattern  Shop,  and 
Foundry  Stores  of  the  Westinghouse  Works, 
the  plants  being  of  similar  design  to  that  in  the 
machine  shop,  and  modified  only  to  suit  the 
])ur]iose  and  lay  out  of  each  shop.  It  may  be 
noted  that  the  air  is  changed  every  twenty- 
five  minutes  in  the  foundry  store,  every 
twenty-five  minutes  in  the  pattern  shop,  and 
every  twenty  minutes  in  tlie  box  factory. 
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THE    EQUIPMENT    OF  THE    ROBINSON  MINE 

JOHANNESBURG. 

i;y 

EDGAR    SMART,    A.M.Ixst.C.E. 

A  description,  with  specially  taken  photos,  of  one  of  the  oldest  and  largest  of  the  outcrop  mines 
on  the  Kand.  The  previous  article  described  the  incline  shafts,  main  power  plant,  null,  water 
regulation,  etc.  The  present  instalment  is  concerned  with  the  cyanide  plant  and  chlnrinatinn  works. 
A  further  article  will  complete  the  survey. — Ed. 


II. 


CONCENTRATION. 

npHE  practice  of  sul)iectin,;.<  the  whole  of  the 
mill  pulp  to  close  concentration  by  Frue 
vanners,  which  was  so  largely  adopted  on  the 
Rand  up  to  1805.  has  been  gradually  abandoned 
in  favour  of  rough  concentration  by  s])itzlutten. 
Init  at  the  Robinson  mine  and  a  few  others, 
the  vanners  are  still  used  for  producing  rich 
concentrates  suital)le  for  chknination.  When 
all  the  pulp  is  sent  to  the  vanners,  three  of  these 
are  necessary  to  deal  with  the  product  of  eacli 
five  heads.  At  the  Robinson  mill  the  i)ulp  from 
70  stamps  is  still  treated  in  this  \\a\'  on  42 
vanners  originall\'  erected  for  that  purpose. 
But  from  the  rest  of  the  mill  the  pulp  is  passed 
through  spit/lutten,  and  the  tuideitlow  from 
these  containing  a  roughh'  conrent  rated  product 
of  much  smaller  bulk  is  di\-ided  between  the 
42  vamiers  abo\-e  meiitioneil.  ()tlier\\ise  j.S 
extra  vanners  would  Ix'  re(|uired.  so  that  this 
method  means  a  cotisiderable  sa\'ing  in 
first  cost,  although,  of  course,  the  jjercentage 
of  pyrites  recovered  is  less   than   it  would   be 


with  the  larger  number  of  vanners.  The  quan- 
tity of  concentrates  now  being  produced  amounts 
to  aj^proximately  2  per  cent,  of  the  total  juilp, 
and  their  average  value  is  ji  oz.  per  ton, 
which  shows  that  the  vanners  take  out  about 
I"  4  dwt.  fine  gold  per  ton  of  crushed  rock. 

Tal)le  III.,  compiled  from  the  published 
reports  of  tlie  companw  giws  particulars  of  the 
concentrates  during  the  jU'riod  when  three 
vanners  were  used  for  each  five  stamits,  and 
the  ratio  of  ])\'ritic  to  oxidised  ore  was 
constantly  increasing. 

TABLE    III. 
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1.      ROBINSOX    SLIMK    PLANT.— 1 NTKKIOR    VIEW    OK    t).\K    OF    THK    Sl.l  MK-SK'l  TLI XG    TANKS 
IN    COl'KSE    OF   CONSTRrCTION. 

It  is  50  It.  in  diameter  and   12  ft.  deep. 


CYANIDE     PLANT. 

In  the  earh'  nineties,  upon  the  advice  of  the 
consulting  engineer.  Mr.  Hennen  Jennings, 
this  company  became  the  pioneer  in  the  apph- 
cation  of  metallurgical  processes  to  there-treat- 
ment of  the  Rand  banket  after  it  had  undergone 
the  usual  treatment  by  crushing  and  amalga- 
mating. It  was  the  first  company  to  use  the 
cyanide  process  for  tailings  on  a  commercial 
scale,  after  the  treatment  of  10,000  tons  by  the 
MacArthur  Forrest  Company  had  shown  that 
the  Robinson  tailings  could  be  treated  at  a 
j)roftt.  A  plant  for  dealing  with  8,000  tons  of 
sand  per  month  was  designed  by  Mr.  Charles 
Butters,  and  built  by  the  author  in  1891,  which 
included  twelve  timber  leaching  vats,  20  ft.  in 
diameter,  having  8-ft.  staves,  built  upon  stone 
piers,  and  fitted  with  bottom  discharge  doors. 
These  vats  were  built  of  Baltic  deals,  and  the  fact 
that  they  are  still  in  use  at  the  ])resent  time 
shows  that  when  constructed    of    well-selected 


material,  wooden  \-ats  have  a  considerable 
length  of  life.  This  plant  has  been  extended 
by  the  addition  of  new  vats  which  have  been 
necessary  from  time  to  time  to  keep  pace  with 
the  increase  in  the  crushing  power  of  the  mill. 
The  latest  addition,  now  in  course  of  construc- 
tion, includes  five  pairs  of  400-ton  steel  vats, 
l)uilt  in  double  tiers  on  steel  girders,  and  cast 
iron  columns.  Owing  to  these  successive  and 
necessarily  irregular  additions,  the  present  sand 
treatment  })lant  is  naturally  less  compact  and 
systematic  than  other  large  works  which  have 
been  designed  and  built  more  recently,  and 
therefore  it  is  not  worth  while  to  give  a 
detailed  account  of  it.  If.  however,  its  sand 
plant  is  somewhat  below  par,  the  Robinson 
Comi)any's  slime  jilant  now  in  course  of 
construction,  is  quite  up  to  date,  and  em- 
bodies all  the  latest  methods  wliich  have 
been  applied  so  far  to  the  treatment  of  current 
slimes. 
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All  tlie  cyanide  trt-atnifiit  work,  wlu-ther  lor 
sands  or  slimes,  is  under  the  management  of 
Mr.  G.  A.  Darling,  who  had  charge  of  the  first 
cyanide  plant  on  the  mine,  and  has  rt^mainfd 
on  the  staff  of  the  compam'  since  i(S(jo. 

THE     NEW     SLIME     PLANT. 

The  construction  of  this  is  l)eing  carried  out 
under  the  direction  of  Mr.  Aimetti.  who  kindlv 
su])plied  the  following  particulars  of  the  plant 
as  it  will  be,  when  finished,  according  to  the 
designs  of  the  consulting  engineers  of  the 
company,  Mr.  Sidney  Jennings  and  Mr.  J.  C-. 
Poore. 

The  most  striking  feature  of  all  th<'  most 
recent  slime  ])lants  on  these  fields  is  the  large 
size  of  tlie  \-ats.  which  will  be  realised  from  an 
insj)ection  ot  the  i)hotogra])hs.  espccialh'  from 
fig.  8.  In  this  case  there  are  ten  steel  \-ats. 
each  of  which  is  50  ft.  m  (hanii'ter  and  12  ft. 
dee})  at  the  sides,  while  the  bottom  is  dished 
conically  to  a  further  dejith  nl  ;  ft.  ()  in.  at  the 
centre. 

The  vats  are  ])laced  in  three  par.ijlej  rows  : 
two  rows  with  three  vats  in  each  are  built  on 
the  surface  level  at  the  site,  while  the  lour  \ats 
in  the  third  row  are  placed  11  tl.  higher  on  an 
embankment   enclosed     1)\'   ^\\'\  ^t()ne   retaiinne 


walls  at  both  sides  and  ends. 
In  each  case  the  ground  vmder 
the  vat  is  formed  to  the  sha})e 
of  a  hollow  cone  to  fit  the 
dished  bottom,  which  rests 
upon  a  layer  of  asphalt  to 
])rotect  the  steel  from  rusting. 

There  is  a  lo-in.  hole  in  the 
bottom  of  each  tank,  and  the 
discharge  pii)e  from  this  is 
carried  out  under  the  vat  in 
a  brickdinetl  tunnel,  so  that  it 
is  alwa\-s  readily  accessible. 
The  discharge  hole  is  closed 
when  necessary  by  means  of  a 
rubber-covered  annular  \"alve 
jilate  attached  to  the  lower  end 
of  a  vertical  jiijie  suspended 
by  a  forked  rod  ::nd  chain 
from  a  hand  winch  on  the 
staging  above  the  vat.  This 
valve  plate  has  ta])er  feathers 
projecting  downwards,  which 
enter  the  discharge  hole  when  the  pipe  is  lowered 
to  ensure  the  true  seating  of  the  \-alve. 

A  neat  braced  standard.  Inult  of  light  angle 
irons,  is  fixed  in  the  middle  of  each  vat  to  carry 
the  staging  and  gangwa\-s.  as  shown  in  the 
interior  view  (fig.  8).  wliich  also  clearl\-  shows 
the  forked  rod  and  \'ertical  ]>ipe  referred  to 
abo\-e.  Tiie  bend  at  the  top  of  the  latter  is 
provided  so  that  a  hose  may  be  attached  thereto, 
if  necessary,  and  a  stream  of  water  sent  through 
the  vertical  pipe  and  bottom  valve  to  clear 
away  any  o!)struction  in  the  discharge  ]Mpe, 
which  remains  open  to  the  vertical  pipe  when 
closed  to  the  vat.  l)ecause  the  valve  plate  is 
annular,  as  above  mentioned,  and  not  solid. 

The  four  uj)per  \'ats  are  provided  with  a 
j)erij)heral  ox'ertlow  trough,  which  is  carried 
round  the  whole  circumference,  and  has  a 
slight  downward  grade  towards  the  discharging 
jionit.  in  b:)th  directions  round  the  circle. 

The  staging  is  constructed  of  timber,  with 
the  exception  oi  the  iron  standards  already 
luentioned.  and  it  is  arranged  so  as  to  give 
(•on\-enieiit  access  to  all  the  vah'cs.  nozzles,  etc. 
1 1  iiichides  twoinaingaiigways. extt'iiding  length- 
wise between  the  rows  ot  \-ats.  with  smaller  cross 
uaiiiTwaNs    ironi  thesi'  to   the   centre    standards 
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of  the  vats;  upon  these  !atter,  immediately 
above  the  standards  the  smaU  winches  are 
placed  to  operate  the  bottom  discharge  valves. 
There  are  also  two  other  cross  gangways 
connecting  the  two  main  ones  so  that  no  time 
is  wasted  in  getting  from  one  jnirt  of  the  plant 
to  another. 

The    following   motors    and    jnmips    will    be 
installed  for  dealing  with  the  slimes  : — 

Two  50-h.p.  electric  motors,   at  415  re\olu- 
tions  per  minute. 

One  30-h.p.  electric  motor,  at  500  revolutions 
per  minute. 

Two  lo-in.  Morris  special  slime 
pumps,  hned  with  manganese  steel. 

One  6-in.   high  lift  Sulzer  centri- 
fugal, capable  of  lifting  11,000  gal 
Ions  per  hour  against  a  head  of  100  ft. 

One  6-in.  high  lift  Sulzer,  capable 
of  delivering  7,000  gallons  per  hour 
100  ft.  high  against  the  frictional 
head  due  to  1.400  ft.  of  6-in.  pipe. 


SLIME     TREATMENT. 

The  following  is  a  general  outline 
of  the  treatment  given  in  plants  of 
this  type,  and  which  will  be  intro- 
duced at  the  Robinson  Company 
when  the  plant  is  completed.  After 
the  sands  and  slimes  have  been 
separated  in  the  usual  manner  by 
collecting  vats  and  spitzlutten  at  the 
cyanide  plant,  the  slimes  and  the 
water  remaining  with  them  are 
pumped  up  through  a  i6-in.  pipe  to 
a  launder  passing  over  the  four  upper 
vats  of  the  slimes  plant,  into  one  of 
which  the  flow  is  directed.  Owing  to 
the  large  diameter  of  the  vat,  the 
slimes  settle  very  rapidly  and  com- 
pletely, and  from  the  time  the  vat  is 
full  of  hquid,  the  water  overflowing 
into  the  peripheral  trough  is  quite 
clear,  and  is  sent  back  immediately 
to  the  mill  through  another  i6-in. 
pipe. 

When  sufflcient  slime  has  deposited 
in  No.  I  vat,  the  flow  is  diverted  into 
No.  2,  and  so  on  in  succession.  The 
clear  water  still  remaining  above 
the  settled  slime  in 'No.  i  is  run  oil 


through  a  decanting  i)ipe,  which  is  hinged  near 
the  bottom,  so  that  its  upper  end  descends  as 
the  level  of  the  water  is  lowered,  and  its  mouth 
is  always  just  below  the  water  surface.  When 
this  operation  is  completed  the  charge  of  wet 
slime  is  ready  for  cyanide  treatment. 

.\  very  diluted  solution  of  KCy  is  delivered 
into  the  \-at  through  a  6-in.  i)ipe.  then  the 
bottomvalw  is  o])ened.  and  the  contents  are  drawn 
off  b\-  a  lo-in.  centrifugal  pump:  and  transferred 
therebv  into  one  of  the  six  lower  vats  at  a  con- 
siderable pressure  through  a  side  pipe  so  placed 
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that  the  inflowing  stream  has  a  direction  nearly 
tangential  to  the  circle  of  the  vat.  This  causes 
a  rotating  motion  in  the  liquid,  with  the  object 
of  keeping  the  whole  mixture  well  stirred  u}). 
As  soon  as  the  transfer  is  completed,  the  l)ottom 
valve  is  opened,  and  the  pulp  is  drawn  off 
by  a  centrifugal,  which  continually  delivers  it 
again  into  the  same  vat  at  the  toj)  tliereof.  thus 
keeping  up  a  continuous  circulation.  This  pump 
is  kept  at  work  and  su}-)plied  with  compressed 
air  to  aerate  the  solution  until  the  gold  is  dis- 
solved. After  this  the  valve  is  closed,  and  the 
slime  allowed  to  settle  :  the  clear  solution  is 
run  off  to  the  })recipitation  boxes  through  a 
i6-in.  decanting  i)iiie.  The  settled  slime  is  then 
h\clrauliced  out  by  a  nozzle  jet  of  water  from 
a  si-in.  hose,  and  is  carried  by  a  i6-in.  pijie, 
laid  at  a  3  per  cent,  grade,  to  the  slime  dams. 
If  the  values  originally  in  the  slime  are  suih- 
ciently  high  to  warrant  additional  handling,  a 
second  treatment  with  cyanide  solution  is 
given  before  the  material  is  finally  dis- 
charged. Fig.  lo  illustrates  the  sluicing  out 
operation  and  also  the  appearance  of  a  finished 
slime  plant  of  the  same  type. 

THE     CHLORINATION     WORKS. 

These  form  a  special  ft-ature  of  interest  in 
the  equipment  of  this  mine,  not  only  because 
they  were  the  first  successful  chlorination  works 
erected  on  the  Rand,  but  also  because  this  is 
the  only  mine  on  which  the  process  is  jiractised 
at  the  jjresent  time.  The  Simmer  and  Jack  mine 
put  up  a  small  ])lant  in  1804,  which  is  now  shut 
down,  and  three  other  plants  have  been  erected 
at  various  times,  by  several  metallurgical  com- 
panies for  the  treatment  of  ])urchased  concen- 
trates, but  of  these  latter,  also,  only  one  is  still 
in  operation. 

This  retrogression  as  regards  the  use  of 
chlorine  is  not  dur  to  any  technical  failure  of 
the  process,  which,  on  the  contrary,  gives 
admittedly  a  far  higher  extraction  of  gold  from 
Rand  concentrates  than  any  other  method. 
The  reasons  are  purely  financi;il.  and  may  be 
briefly  stated  in  the  following  manner:  The 
pyritic  product  in  all  cases  amounts  to  onl\-  a 
small  })ercentage  of  the  rock  cnislu'd.  so  that  if 
each  mine  chlorinated  its  own  concentrates,  only 
a  small  })lant  would  hv  needed  in  e;ich  case,  and 
the    cost  of    treatment  would  const'(|nent]\-  be 


heavy  ;  the  choice,  therefore,  remains  between 
selling  to  Customs  works  at  a  price  which  leaves 
a  profit  to  the  latter,  or  making  a  rough  con- 
centrate by  means  of  spitzlutten  for  treatment 
by  cyanide.  At  one  time  a  large  number  of 
mines  adopted  the  first-named  alternative,  hence 
the  building  of  several  Customs  works,  but 
latterlv  the  majority  of  mines  have  abandoned 
close  concentration  and  ado])ted  the  second 
alternative. 

The  introduction  of  the  ])rt)cess  in  this  district 
was  due  to  the  recommendation  of  Mr.  Hennen 
Jennings  in  iScji.  and  the  first  instalment  of 
the  plant  was  designed  by  Mr.  Charles  Butters, 
and  erected  under  his  supervision  by  Mr.  A. 
Bradley  and  the  author.  Since  that  date  it 
has  been  considerably  enlarged,  and  the  author's 
best  thanks  are  due  to  the  present  manager 
of  the  plant.  Mr.  J.  J.  Lambe.  who  has 
kindly  placed  at  his  disposal  the  fullest  in- 
formation concerning  the  })resent  plant  and 
methods  of  working. 

THE     FURNACES. 

The  three  furnaces  first  built,  and  which  are 
still  in  o}ieration,  have  hearths  60  ft.  long  by 
14  ft.  wide  inside,  with  a  step  12  in.  deep  at 
a  distance  of  20  ft.  from  the  fire  bridge,  the 
lower  front  portion  constituting  the  "finishing" 
hearth.  The  two  furnaces  of  later  construction 
have  generally  the  same  dimensions,  but  the 
finishing  hearth  in  these  is  18  ft.  long  by  ib  ft. 
wide  instead  of  20  ft.  by  14  ft. 

The  side  walls  are  18  in.  thick,  and  the  arched 
roof  9  in.,  the  latter  l)eing  built  with  wedge- 
shaped  bricks  to  a  segmental  curve,  having 
about  I  in.  rise  j^ier  foot  of  span.  Second-hand 
40-lb.  rails  are  built  in  flush  with  the  outside 
faces  of  the  side  walls,  following  the  line  of 
the  skewbacks.  Vertical  channel  irons  are 
used  to  sta\-  the  walls,  and  these  are  held  to- 
gether bv  is-ni-  bolts  passing  across  the  furnace, 
l)oth  below  the  hearth  and  above  the  arch. 
The  space  ab()\-e  the  haunches  of  the  arched 
roof  is  filled  up  to  form  a  flat  floor,  which  is 
bricked  o\er  to  form  a  drying  floor  when  required 
for  moist  unroasted  material.  The  working 
doors  are  sjjaced  at  5-ft.  centres  on  botli  sides  of 
the  furnact'. 

The  fire  box  is  ])laced  at  the  extreme  end  of 
each   furnace  ;     the  fire  bars  rest  on  a  ])air  of 
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inclined  cast-iron  bearers,  which  slope  down 
at  an  angle  of  45  deg.  towards  the  tire  bridge, 
so  that  the  arrangement  is  similar  to  a  flight 
of  steps.  The  spaces  between  the  bars  serve 
for  the  purpose  of  raking  and  cleaning  the  hres. 
and  there  is  also  a  small  horizontal  grate  with 
ordinary  fire-bars  running  crosswise  of  the 
furnace,  with  side  doors  for  the  same  purpose. 
This  horizontal  grate  occu])ies  the  space  between 
the  foot  of  the  inclined  bearers  above  mentioned 
and  the  fire  bridge.  The  top  of  each  fire  box 
is  formed  by  a  cast  plate,  having  one  central 
circular  feed  door,  12  in.  in  diameter  for  shovel- 
ling in  the  fuel.  The  coal  is  contained  in  a 
bunker  built  on  columns  immediately  in  front 
of  the  firebox  ;  each  bunker  is  large  enough 
to  contain  6  tons  of  coal,  equal  to  three  days' 
supply. 

Castings  containing  circular  discharge  orifices 
10  in.  in  diameter  are  built  into  the  finishing 
hearth,  having  cast  covers  which  lie  flush  with 
the  surface,  and  a  tunnel  is  formed  under  them 
large  enough  to  allow  trucks  of  20  cubic  feet 
capacity  to  enter.  In  the  second  and  third 
furnaces  four  such  doors  are  spaced  at  5-ft. 
centres  along  the  centre  line,  and  the  tunnel 
runs  in  lengthwise  under  the  firebox.  In  the 
other  three  furnaces  there  are  only  three  doors 
in  each,  placed  in  line  over  a  tunnel  which 
passes  crosswise  through  the  furnace.  By  the 
first-named  method,  the  tunnel  is  a  ciil-de-snc,  so 
each  set  of  full  trucks  has  to  be  pulled  out 
before  a  fresh  set  of  empties  can  be  run  in, 
while  in  the  second  case  the  trucks  can  follow 
one  another  through  in  succession.  Neverthe- 
less, Mr.  Lambe  prefers  the  first  plan  because 
the  material  can  in  that  case  be  pushed  straight 
across  from  the  working  doors  to  the  discharge 


holes  in  less  than  ten  ininuti's,  while  in  the 
second  case  it  has  to  be  worked  up  from  each 
end  of  the  hearth  to  the  line  of  discharge  doors, 
and  tills  requires  about  half  an  hour. 

Each  furnace  is  provided  at  the  back  end 
with  a  dust  chamber  12  ft.  long  by  14  ft.  wide. 
A  number  of  cross  walls  are  built  in  this  chamber 
which  start  alternately  from  each  of  the  side 
walls  and  extend  across  about  three-quarters 
of  the  width  of  the  chamber,  so  that  the  products 
of  combustion  have  to  pass  in  a  zig-zag  course 
between  these  walls  on  their  w^ay  to  the  shaft. 
Consequently,  most  of  the  fine  ore  dust  carried 
oft"  by  the  draught  is  dei)osited  in  the  chamber, 
and  is  cleaned  out  from  time  to  time  tlirough 
doors  in  the  side  walls. 

CHIMNEY     STACKS. 

These  are  all  built  of  steel  plate  with  4^-in. 
brick  lining.  No.  3  furnace  has  a  stack  3  ft.  9  in. 
clear  inside  diameter,  and  about  80  ft.  high. 
The  other  four  are  connected  in  pairs  to  two 
stacks  of  the  same  height,  the  diameter  of  the 
steel  tube  being  6  ft.  6  in.,  giving  5  ft.  clear 
inside  the  lining.  The  tube  is  composed  of 
7-ft.  by  4-ft.  plates,  the  lowest  24-ft.  is  -,  '.r  in. 
thick,  the  next  28-ft.  is  I  in.,  and  the  top 
]-)art  r,i  in. 

The  cost  of  such  a  stack  in  Johannesburg  is 
made  up  as  follows  : — 

16,590  lb.   steel  plate  (a;  15s.  3d. 
per  100 

6.000  bricks  @  £5  per  1,000 

Boiler  makers'  labour 

Labour  for  erection  and  lining 


Total 
{To  be  coiitiiiiud.) 


£126  10 
30  0 
75  o 

,  124  10 


£356  o  o 


EDWARD    lil^TLER,    M.LMkch.E.,    ktc. 

Tlie  advances  made  in  cunnectiun  with  the  more  econoiiiical  utilisation  of  blast-furnace-gas 
have  greatly  increased  the  possibilities  of  large  gas  engines,  more  particularly  in  generating 
stations.  Mr.  Butler  here  presents  a  careful  summary  of  the  various  t\pes,  showing  the  points  of 
essential  difference,  and  discussing  some  possible  future  improvements. — Ed. 


T  the  time  of  tlie 
1880  Pans  Exhi- 
bition, the  100- 
h.h.]).  horizontal 
single-cx'hnder  en- 
gine made  and 
e.\lnl)ited  by  the 
Ste  Ame  PoweH.  of 
Rfuien.  was  con- 
sidered an  engine 
of  colossal  size,  and 
excited  a  great  amount  of  interest  among 
engineers  and  manufacturers  generall\- :  it  bring 
then  the  largest  gas  engine  the  world  had  seen. 
Explosion  engines  have  since  that  time  been 
taken  in  liand  by  manufacturers  capal)le  of 
dealing  with  engines  of  enormous  size,  in  whose 
construction  are  parts  that  ma\-  separatel\- 
weigh  as  much  as  the  complete  loo-h.]).  eiiginr 
which  was  then  such  a  giant  among  the  x'ariou-^ 
makes  of  engines  of  this  class. 

An  engine  of  similar  design.  con>lructcd  on 
the  same  general  lines  and  known  as  on  the 
Delamere-Deboutville  System,  wasshown  at  work 
during  the  exhibition  ot  Kjoo  :  this  engine  was 
capableof  developing i.oo(j  b.li.p.  on  lUunuiialuig- 
gas,  and  was  intended  tor  ust'  with  the  waste 
furnace  -  gas  of  iron  and  steel  works.  This 
enormous  engine   was   made  and  exhibited   by 


the  Ste  Ame  John  Cockerill,  of  Seraing,  Belgium, 
who  liave  done  more  in  the  last  six  years  in 
forcing  the  growth  of  the  gas  engine  than  any 
other  manufacturer.  Both  these  engines  were 
built  on  the  simjjle  four-c\'cle  movement  with 
one  single-acting  open-ended  cylinder.  ver\- 
closely  following  the  lines  of  the  ordinary  Otto 
gas  engine  of  small  power.  Other  manufacturers 
have  turned  their  attention  to  the  construction 
of  large  power  engines,  the  chief  incentive 
to  the  surprising  enterjnise  exhibited  in  this 
direction  being  the  more  jirotitable  utilisation 
of  coke-oven  and  smelting-furnace  gases,  than 
was  possible  under  the  most  efficient  system  of 
steam  generators  and  engines. 

TREATMENT    OF    THE    FURNACE-GAS. 

(ireat  credit  is  due  to  the  researches  and 
experiments  of  Mr.  H.  H.  Thwaite  in  this  country, 
and  to  the  Ste  Cockerill  on  the  Continent,  in 
demonstrating  the  enhanced  power  value  of  the 
gases  properh"  treated  for  combustion  in  the 
cvlinder  of  the  explosion  engine.  Many  ditii- 
culties  were  experienced  in  sejiarating  the 
minute  particles  of  floating  ash  and  cinder 
from  the  immense  volume  of  hot  gases  escaping 
from  a  series  of  high  furnaces.  The  method 
\erv  generally  adoi)ted  is  to  pass  the  gas  through 
a  centrifugal   extractor,   by  which   process   the 
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Eccentrics  for  Actuating   valvf.s 
cf  chcrgina  .i  sCDvenging  pumps 


FIG,    I.      DOUELE-ACTIXG    KOERTIXG    I,OCO-B.H.P.   TWO-CYCLE   FURXACE-GAS    EXGIXE. 
Requiring  no  exhaust  valves  to  the  explosion  cylinder. 


FIG,   2.      BALAXCED-ACTIOX     I,000-H.H.P.    OECHEI.HAUSER   TWO-CYCLE    FURXACE-GAS   EXGIXE. 
Requiring  neither  exhaust  nor  admission  valves  to  the  explosion  cylinder. 
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dust  is  whirled  out  with  such  effect  as  to  leave 
it  practically  free  from  imjunities  and  ready 
for  direct  use  in  the  engines. 

TWO-CYCLE    FURNACE    GAS-ENGINES. 

Koerting  Brothers,  of  Hanoxer.  and  the 
Deutchen  Kraft  das  Gesellschaft.  of  Berlin, 
have  developed  tyj^es  of  engines  specially 
suited  for  use  with  the  furnace-blowing  engine  ; 
these  engines  both  work  on  a  modification  of 
the  Clerk  two-cycle  action  ;  the  K<"'erting  being 
double-acting  and  closely  resembling  a  horizontal 
steam-engine,  while  the  other  (or  Oechelhauser) 
is  built  on  the  double-balanced  ]iiston  system 
as  in  the  old  Sturgeon  gas  engine.  These 
engines,  unlike  the  small  single  acting  engines 
on  the  two-cvcle  movement  bnilt  before  the 
expiration  of  the  Otto  patent,  ha\-e  two  charging 
pumps,  one  for  gas  and  one  for  air ;  and  as  the 
furnace-gas  supplied  to  the  engine  is  about  equal 
to '  the  necessary  air.  the  pumps  are  aj^j^roxi- 
mately  of  the  same  capacit\-,  except  that  the 
air  ])ump  is  made  large  enough  to  blow  a  flushing 
current  of  cold  air  through  the  c\'linder  before 
the  admission  of  the  gas  and  air  charge  for 
combustion. 

The  K<")erting  engine  (tig.  i)  has  a  double-acting 
cylinder,  fitted  with  a  hollow  water-cooled 
piston  and  rod  passing  through  a  metallic 
packed  stulfing-box  ;  a  crosshead  is  connected 
to  one  crank,  the  ]^istons  of  the  two  charging 
cylinders  being  both  worked  from  a  small 
crank  disc  on  one  side  of  the  shaft  while  the 
other  end  is  extended  to  carry  the  flywheel. 

Tfie  Oechelhauser  engine  has  a  long  explosion 
cylinder,  fitted  with  two  jnstons  connected 
by  one  front  and  two  side  rods  to  a  three-throw- 
crank  shaft  ;  and  as  the  cylinder  is  o})en  at 
each  end  there  are  no  i)iston-rods  or  j^acking- 
l)oxes  to  the  explosion  cylinder  :  the  double- 
acting  charging  puni])  is  worked  tandem  to 
the  rear  j)iston  crosshead,  and  delivers  a  flushing 
current  of  cold  air  to  tlie  cxlinder  after  each 
explosion  in  ad\-ance  of  tin'  hillowing  rliarge  of 
air  and  gas  lor  combustion. 

FOUR-CYCLE    SINGLE-ACTING    ENGINES. 

Other  makes  of  engines  oi  the  horizontal  t\|ie 
adapted  for  com])arati\"e  large  powers  are  tlie 
double  -  c\-linder    engines   of    tlie    (ias    Motoren 


Fabrek.  Deutz  (flg.  3).  Crossley  Brothers  and 
Andrews  and  Company,  wliose  cylinders  are 
arranged  face-to-face  witli  a  single  crank  be- 
tween, to  which  the  two  water-cooled  })istons 
are  connected  by  sej^arate  rods  :  there  are  thus 
no  packing-boxes  nor  })iston-rods. 

The  three-cylinder  vertical  Westinghouse 
engine  may  be  cited  as  another  instance  of 
the  open-ended  single-acting  cylinder  type 
constructed  with  water-cooled  pistons,  each 
connected  1\\'  its  own  sejiarate  rod  to  a  three- 
throw  crank  shaft,  and  avoiding  the  use  of 
packing-boxes  and  i)iston-rods.  Single  open- 
ended  cylinder  engines  of  large  power  requiring 
no  packing-box  nor  piston-rod  are  made  by  Soest 
and  Co..  of  Diisseldorf  :  also  by  the  Niirnberg 
Company,  the  Deutz  Comjiany  and  the  Cockerill 
Company,  in  sizes  from  2(jo  b.h-j:>.  to  650  b.h.p. 
on  furnace-gas. 

The  Premier  Com})an\'  now  make  a  tandem 
single-acting  double-cylinder  type  of  engine,  with 
the  two  pistons  connected  by  a  piston-rod  which 
passes  through  the  breach  of  the  front  cylinder 
whose  piston  is  connected  to  the  crank  shaft. 
This  engine  formerly  had  its  two  jiistons  con- 
nected together  by  side  rods,  to  avoid  the 
packing-l)ox  and  i:)iston-rod,  it  being  held  by 
many  makers  that  this  method  of  construction 
was  inimical  to  the  development  of  the  full 
explosion  effect. 

DIFFICULTIES    IN     PACKING    THE    RODS   OF    DOUBLE- 
ACTING     ENGINES    OVERCOME. 

The  com]iarative  advantage  of  an  engine 
working  without  the  water-cooled  piston-rod 
and  packing-box  is  now  ])roved  to  be  less  than 
it  was  deemed  to  lie  a  few  years  ago,  for 
engineers  ha\-e  soKed  the  I'lroblem  of  ]x\ssing  the 
])i5ton-rod  through  a  metallic  packed-box  in  the 
l)reach  of  the  c\linder  in  such  a  manner  as  to 
wear  efficiently  under  the  conditions  of  heat  and 
]iressfire  obtaining  in  a  modern  explosion  engine 
'.vorking  a.t  hiyh  comjiression.  The  difficulty  has 
])een  o\-ercome  by  tising  a  long  box  efficiently 
cooled  and  packed  with  a  series  of  wedge-shaped 
segmental  rings,  and  kejH  ]M'0]>erly  lubricated. 

The  makes  of  engines  in  which  this  im]irove- 
nient  is  taken  advantage  of.  in  addition  to  the 
Koerting  two-cycle  engine,  are  the  Niirnberg 
double-acting  tandem  engine  b\-  the  \'ereinis;nte 
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FIG.    3.       DDUBI.K-CYLIXDKR    500-l!.H.l'.    DKUT/:    OTTO    ("  VIS-A-VIS  "    TYI'I-:)    Fl'RX ACE-GAS    KNGJNK 
G,  Gas  ;  A.  Air  ;  E,  Exliaust  ;  Z,  Electric  igniter. 


Maschiiienfabrik,  Augsburg  ;  the  Gas  Motoren 
iabrik,  Deutz  ;  the  Letombe  engine  of  Fives- 
Lille  ;  the  Cockerill  engine  of  Seraing  ;  and  the 
^^'estinghouse  engine  ;  all  of  which  makers 
build" for  their  largest  powers  units  of  horizontal 
tandem  double-acting  cylinder  engines  con- 
nected by  one  rod  to  a  single  crank.  The  weight 
of  the  pistons  is  carried  by  rigid  hollow  water- 
cooled  rods  passing  through  metallic  packed 
water-cooled  boxes,  and  rest  on  white  metal- 
lined  bearing  slippers  ;   in  this  manner  excessive 


wear  of  the  rods,  cylinders,  and  pistons  due  to 
the  horizontal  disposition  of  the  moving  ])arts  is 
avoided.  Two  engines  of  this  design  are  illus- 
trated by  figs.  5  and  8. 

Each  of  the  five  horizontal  tandem  double- 
acting  makes  named,  works  on  the  four-cycie 
movement,  and  delivers  an  explosion  impulse 
to  the  crank  at  every  stroke  just  as  would  obtain 
in  a  single-cyHnder  double-acting  steam  engine. 
This  arrangement,  combined  with  the  system  of 
automatic  speed  regulation  by  large  governors 


fig.  4.     500-i!.h.i'.  taxdkm  i'k'emikk  sixtil.k-acting  fork-cvci.k  fuel-gas  exgixe,  with 

scavi:n(;inc,  itmi-. 

Cylinders  27  in.  diamclcr  by  jj  in.  stroke. 
X',  X-,  Explosion  cylinders  ;  P,  Scavenging  air  cylinders  ;  A,  Air  pipe  ;  G,  Gas  valves  :  D,  .Admission  valves  ; 

E,  E.xliaust  valves  ;  T,  E.xhaust  pipe. 
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controlling-  the  volume  of  gas  and  air  supi^lied 
to  the  two  ends  of  each  c\linder  at  ever\-  induc- 
tion stroke,  ensures  a  degree  ot  regularit\'  of 
running  comparaMe  with  the  ver\-  best  steam 
engines.  So  even  is  the  working  of  these  large 
gas  engines  that  several  coui)led  up  direct  with 
electric  generators  can  be  safely  connected  to  run 
together  in  parallel,  and  there  are  instances 
where  a  large  gas  engine  is  coupled  up  with  a 
large  steam  engine  without  giving  trouble. 

THROTTLE    CUT-OFF     METHOD    OF    GOVERNING. 

This  syston  of  regulation  b\-  aug.menting  or 
diminishing  the  volume  of  gas  and  air  is  now 
generally  adopted  in  all  large  gas  engines  :  in 
some  cases  by  an  automatic  cut-off  and  in 
others  simply  by  throttles  connected  syn- 
chronously to  the  gas  and  air  5U}:)plies  :  there 
is  a  sliglit  advantage  on  the  score  of  econom\-  in 
using  the  trip-gear  cut-off  method,  but  as  the 
necessary  mechanism  must  be  repeated  for  both 
ends  of  each  cylinder,  an  ordinary  balanced 
governor-controlled  throttle  is  found  to  be 
sufficiently  effecti\-e  for  all  practical  purposes. 

ADVANTAGES    OF    THE     DOUBLE-ACTING. 

Now  that  the  jireiudice  to  the  use  of  doub!--- 
acting  c\-linders  is  d\ing  out.  makers  who  contin.e 


themselves  to  the  construction  of  single-acting 
c\-linders  will  find  it  hard  to  compete. with  the 
double-acting  engine,  which  possesses  the  great 
advantage  of  double  power  capacity  with  the 
same  height  and  width  as  the  single-acting 
type,  and  onlv  occupies  from  twentv  to  twenty- 
five  per  cent,  increased  length  of  space.  This 
degree  of  comparison  may  also  be  applied  to 
the  increase  in  weight. 

ESSENTIAL     FEATURES    FOR     A    CYLINDER    OF 
LARGE     POWER. 

Generally  speaking,  the  construction  ot  an 
efficient  gas  engine  cyhnder  for  large  power 
differs  from  the  small  engine  in  the  necessity 
for  water-cooling  the  piston  and  the  exhaust- 
valve,  whether  the  engine  be  single  or  double- 
acting  :  in  providing  duplicate  electric  igniters  ; 
in  designing  tlie  cylinders  so  that  the  breach 
end  joints  will  not  be  broken  by  the  unequal 
exjiansion  and  contraction  of  the  inner  and 
outer  walls. 

DESCRIPTION    OF    THE    TWO-CYCLE    AND 
FOUR-CYCLE    SYSTEMS. 

In  the  sectional  plan  (fig.  i)  a  Kuerting  two- 
cvcle  blast-furnace-gas  engine  of  i.ooo  b.h.jx 
is  illustrated  diagrammaticallv  to  show  all 
the  essential  working  parts,  including  the 


l-IO.    5.        KOrk-CVLi.E    ACTION-    'IWO-C  Vl.l  \  l»i:  Ix' 

2,500  I'. h. p.     Cockci  ill  system.     Cv 


/    /    /  /'  /  r/ 


r.WDKM    liornLE-ACTIXG    FI-R\ACK-(;AS    IXCIXK. 

liiidcrs  :  51  in.  cli;ur.ekT,  55  in.  ^ti-ukc 
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FIG.   6.       FOL'K-CYCLE   ACTIUX    T\VO-CYI,IXI)KR    T.WDKM    SJXf.LE-ACTINi;    1  IKNACE-GAS    KNC.INi:. 

1,300  h.h. p.     Cockerill  system. 


water-cooled  piston  ol  the  double-acting  explosion 
cylinder.  The  cam  operated  admission  valves  are 
supplied  first  with  a  current  of  air  immediatel}' 
after  the  power  piston  has  uncovered  the  central 
exhaust  ports  ;  this  is  to  scavenge  out  the  hot 
exhaust  products  before  the  delivery  of  the 
charge  of  air  and  gas  by  the  two  charging  pumps, 
and  is  effected  during  the  period  of  the  dead 
centre,  and  before  the  closing  of  the  exhaust 
ports  b\-  the  jxjwer  piston.  The  charge  is  now- 
compressed  to  about  eight  atmospheres  before 
ignition  ;  this  operation  is  repeated  at  each  end 
of  the  cylinder  at  every  revolution. 

Another  engine  w^orking  on  similar  lines  is 
the  Oechelhauser  balanced  two-cycle  furnace 
gas  engine,  which  type  is  illustrated  by  a  i,ooo 
b.h.p.  size  engine  (fig.  2).  In  this  design 
there  is  a  three-throw  crank  shaft  connected 
to  two  power  ])istons  working  in  one  long  cylinder 
open  at  both  ends,  j^rovided  with  two  series  of 
])ort  openings  controlled  by  the  two  ])istons  ; 
both   admission   and   exhaust    valves   are   thus 


dispensed  with,  the  method  of  exhaust  being 
identical  with  the  Ki'erting  engine.  The  supply 
of  scavenging  air  and  charge  of  gas  and  air  is 
forced  into  the  explosion  cylinder  by  the  double- 
acting  combined  air  and  gas  and  air  charging 
pump  at  the  rear.  This  engine  is  single-acting 
and  when  arranged  coupled  up  to  an  electric 
generator  in  ])airs  gives  good  results. 

There  are  at  j^resent  only  these  two  engines 
made  in  large  sizes  that  work  on  the  Clerk  cycle 
movement ;  there  are,  however,  several  types 
of  engines  of  large  size  that  work  on  the  four- 
cycle or  Otto  movement.  One  of  these  is  the 
face-to-face  double-cylinder  engine,  as  illustrated 
by  the  sectional  elevation  (fig.  3),  of  a  Deutz 
Otto,  designed  to  dex-eloj)  500  l).h.p.  on  blast- 
furnace-gas ;  this  tyjie  ot  engine  requires 
a  comparatively  heavier  llywhecl  owing  to  the 
two  impulses  being  both  delivered  in  one  revo- 
lution, the  succeeding  turn  of  the  crank 
receiving  no  imi)u]se  at  alb  Tlie  controlling 
mechanism  of  the  two  cylinders  is  com])letely 
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independent,  and  results  in  a  ratlier  conij)licated 
arrangement  of  the  necessar\-  pipes  for  the 
gas.  air.  exhaust,  and  coohng-water.  This  type 
of  engine  is  made  in  large  numbers  in  sizes  up 
to  250  b.h.p.  per  cylinder. 

Engines  of  the  single-acting  Otto  t\"pe.  witli 
one  cylinder,  are  made  by  the  Ste  Cockerill  up 
to  650  b.h.p.  for  blast-furnace-gas  ;  and  by  the 
Maschinenfabrik.  Augsburg;  and  Soest  and  Co.. 
Diisseldorf,  u]>  to  from  300  b.h.p.  to  400  b.h.p. 
for  furnace-gas.  In  each  of  these  engines  water- 
cooled  pistons  with  advanced  crossheads  working 
in  separate  guides  to  minimise  cylinder  wear 
are  used,  but  they  require  com})aratively  liea\'y 
frames,  crankshaft,  and  flywheels  fc^r  the  iK)wer 
developed. 

A  single-acting  tandem  engine  of  1.300  l).h.j). 
is  illustrated  in  elevation  and  ])lan  In'  hgs.  U 
and  7.  and  a  coupled  pair  of  engines  of 
800  b.h.p.  each  bv  fig-  Q. 

The  tandem  single-acting  Otto  type,  as  made 
bv  the  Premier  Company,  is  illustrated  by  fig.  4. 
and  shows  a  500  b.h.p.  engine  with  separate 
air  pumji  for  scavenging  the  two-jKjwer  cylinders 
after  each  explosion.  There  is  in  this  engine 
a  forward  impulse  at  each  revolution  at  equal 
intervals,  and  on  producer-gas  some  very 
economical  results  have  been  obtained  :  an 
engine  of  this  make  to  develop  5.'J()  b.h.j).  ])i'r 


cylinder   is   l;)eing   constructed   for   use   in    this 
country  with  gas  from  bituminous  coal. 

MOST    SUITABLE    TYPE     FOR     VERY     LARGE 
POWERS. 

The  largest  power-gas  engines  are  of  the 
double-acting  and  tandem  double-acting  Otto 
type,  as  made  by  the  Ste  Cockerill.  the  Westing- 
house  Company,  the  Maschinenfabrik.  Augsburg, 
and  in  some  smaller  sizes  b\-  the  Ste  Letombe. 

Engines  of  this  type  capable  of  developing 
2.500  b.h.p.  on  blast-furnace-gas  are  illustrated 
by  sectional  elevations  (figs.  5  and  S).  which  show 
very  clearly  the  general  arrangement  of  water- 
cooled  pistons  and  rods,  and  packing-boxes  :  the 
mechanicalh-  oi)ened  and  closed  induction  and 
water-cooled  exhaust  ^ralves  :  the  special  pro- 
vision for  compensating  for  the  differential 
expansion  of  the  cylinder  Vv-alls.  The  exact 
method  adopted  by  the  different  makers  varies 
in  degree,  but  all  use  a  separate  c\linder  liner, 
separate  breach  valve  chambers,  and  separate 
outer-cvlinder  frames.  All  have  examination 
doors  on  the  breach  ends  for  clearing  out 
j)eriodicaily  anv  deposit  of  cinder  ash,  and  all 
have  duplicate  electric  igniters.  Nearly  all  use 
the  annular  s\'stem  oi  mixing  the  gas  and  air. 
which  is  controlled  b\-  either  throttling  or  by 
du'ect    cut-off.    and   all    use   forced   lubrication. 


j ?._  -;-^f^i 


■d  FIG.    7.       ForK-CVCI.I';    ACTION'     IWo-C  VI.I  X  1  )I':K'    TAXDivM    SI  X(i  l.h.-AC  TJXC .    KTl-lXAC  K-(,AS    K.XOIXI'', 

1,300  b.h.p.     C(jckcrill  system. 
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Engines  of  this  t\i)e  are  being  made  uj)  to 
3,000  b.h.p.  for'one  crank,  and  when  arranged  in 
couples  are  capable  of  driving  electric  generators 
of  twice  this  power. 


BRITISH  CONCESSIONAIRES  FOR  THE  MANUFACTURE 
OF    LARGE    POWER-GAS    ENGINES. 

The  British  W'estinghouse  Electric  and  Manu- 
facturing Co.  Ltd. 

Eraser  and  Chalmers,  Ltd. 

Mather  and  Piatt,  Ltd. 

Richardson,  Westgarth  and  Co..  Ltd. 

More  than  200  engines  are  already  in  use  of 
sufficient  size  to  be  capable  of"  developing 
upwards  of  250  b.h.p.  from  each  c\-linder  on 
furnace-gas,  and  this  number  will  in  the  course 
of  the  next  \ear  or  two  be  nearly  doubled. 

ECONOMY     DUE    TO    SCAVENGING. 

The  scavenging  action  is  not  at  present  used 
in  either  the  Cockerill,  Niirnberg,  Westinghouse 
or  Letombe   engines  ;     owing  probabl}-   to   the 
extra  complication  involved  in  using  a  separate 
flushing  air-pump  solely  for  this  puri)ose.     The 
ideal    engine    should    be    able    to    obtain    this 
scavenging  action  incidentally  as  in  the  Koerting 
and  Oechelhauser  engines,  and  should  in  addition 
be  able  to  expand  its  products  of  combustion 
down  to  atmospheric  pressure  by  transference 
of  the  gases  from  the  explosion  c\linder  to  a 
separate  expansion  cylinder,   which  could  also 
be    utilised   incidentally   as   a    scavenging   air- 
pump.     The  possible  efficienc\-  of  an  explosion 
engine,  which  is  already  higher  than  the  most 
economical    type    of    steam    engine    could,    by 
this  means,  be  increased  some  twent3--five  per 
cent.  :    which  is  well  worth  the  extra  cost  and 
complication    of    another    cylinder    for    really 
large  powers. 

REQUIREMENTS    FOR    COMPOUNDING. 

The  two-cycle  movement  does  not  lend  itself 
to  exhausting  with  useful  effect  into  an  expan- 
sion cylinder  for  obvious  reasons  and  to  benefit 
by  double  exj)ansion  in  a  four-cycle  engine 
an  arrangem-ent  of  two  double-acting  explosion 
cylinders  can  be  well  used  in  conjunction  with 
one  combined  expansion  andscavenging  cylinder. 
Ordinary  balanced  jiiston  valves  are  suitable 
for  exhausting  the  low-pressure  cylinder  and 
the  exhaust  valves  of  the  explosion  cylinder 
in  addition  to  being  water-cooled,  should  be 
balanced  against  pressure  from  either  side,  and 
give  large  opening,  so  to  minimise  loss  of  power 
from  wire  drawing. 
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KIG.    9.       THE     NTRXF-EKi;     TAXDEM     SI  XfiLE-ACTI  XG     GAS     EXGIXE. 
Twin  i,6oo  b.h.p.  furnace-gas  engines  and  alternator  for  Hiitte  Phtenix,  Laar  bei  Ruhrort. 


SOME     POSSIBLE     FUTURE     IMPROVEMENTS. 

As  to  the  iuture  develuj)ment  ot  large  power 
engines,  there  seems  to  be  no  reason  why  the 
explosion  engine  should  not  be  made  in  still 
larger  sizes  to  meet  any  possible  demand  lor 
increased  ])ower,  ])rovided  always  that  due 
precaution  be  allowed  for  such  contmgencies 
as  unequal  expansion  in  the  construction  of  the 
cylinder  walls,  the  valves,  valve  seatings,  and 
other  working  })arts.  It  would  be  much  in 
tavour  of  the  internal  combustion  engine  it 
tiie  initial  temi)erature  of  the  ex})losions  could 
be  reduced  without  sacrificing  })ower,  such  as  b\- 
supersaturation  of  tlie  ex]:)losive  charge  fix- 
condensed  water.  Many  experiments  have  been 
made  with  water  spray  injections  in  diffei-fut 
ways  on  small  engines,  and  it  would  l>c  liighh- 
mteresting  to  know  exactly  wlial  pos^^iblo 
advantage  might  be  obtained  Jrom  this  sourer 
on  a  really  large  engine  ;  there  is  so  great  a  loss 
bv  radiation  that  one  mav  well  hojx-  tliat  some 


feasible  means  will  be  discovered  for  reducing 
the  trejiiendous  proportion  of  energy  carried 
away  by  the  various  streams  of  cooling  water 
from  the  cylinders,  jiistons  and  valves. 

POSSIBILITIES     OF     PRODUCER-GAS. 

The  })rincii)al  o})ening  at  j^resent  for  large 
1  lower  engines  would  seem  to  be  in  connection 
with  the  more  economical  utilisation  of  blast- 
furnace and  coke-o\en  gas,  which  are  sources 
of  ready  available  energy  requiring  no  special 
generators.  Producers  are  being  made  now 
that  will  supply  a  powerful  gas  at  a  constant 
(jua]it\-  from  bituminous  coal  and  capable  of 
contmuous  use  without  excessive  deterioration. 
It  IS  thus  ]iossible  to  profital)ly  work  engines 
ot  \-er\-  large  powers  which  are  bound  to  find 
t'xteiisiw  use  in  the  near  future  in  the  many 
large  generating  stations  which  are  being 
l)ro\-i(led  tor  jtower.  traction  and  lighting  ad 
over  the  civilised  world. 


AOMIXISTKATIOX     llUILDlXl,    AT    THK    ST.    LUUIS    WORLD'S    KAIK. 


THE  ST.    L0UI5   WORLD'S   FAIR. 


OUR    CHICAGO    CORRESPONDENT 


IX  Februarv  last  I  was  able  to  give  some  idea  of 
the  appearance  of  the  more  important  buildings  in 
course  of  erection  at  St.  Louis.  The  accompanying  illus- 
trations, obtained  during  a  recent  visit,  show  the  leading 
features  of  the  exhibition  in  a  more  advanced  stage. 

One  of  the  finest  buildings  of  the  Exposition 
group  is  the  Palace  of  Machinery,  which  has  a  prominent 
place  upon  the  western  arm  of  the  main  transverse 
avenue    of    the    Exposition,    opposite    the    Palace    of 


Transportation.  The  structure  is  1,000  ft.  long  by 
525  ft.  upon  the  eastern  half  and  300  ft.  upon  the 
western  part.  The  interior  is  arranged  in  five 
east  and  west  aisles,  each  100  ft.  wide.  Three  of 
the  aisles  extend  the  entire  length  of  the  building. 
The  remaining  two  are  460  ft.  long. 

The  main  entrance  in  the  north  fa;ade  presents  a 
fully  developed  arcade  of  five  bays,  the  massive  piers 
of  which  are  highly  ornate^     Above  the  three  central 
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b;i\''^  risrs  rui  attica  ieature,  accentuated  by  pairs 
of  Corintl)ian  columns,  between  whicli  are  tliree  large 
panels.  The  middle  panel  bears  on  its  surface  a 
mammoth  time-piece,  the  east  panel  carrying; 
a  relief  of  a  modern  locomotive,  while  the  west 
panel  is  relievetl  by  a  staff-designed  ])rinting 
press.  Over  the  panel  designs  is  a  crowning  central 
sculptured  group,  showing  Justice  in  heroic  size 
awarding  prizes.  On  either  side  are  smaller  grou])s 
harmonising  with  the  thought  expressed  m  the  central 
figure.  The  great  Palace  of  ^Machinery  is  now  prac- 
tically  finished. 

On  each  side  it  presents  entirely  dissimilar  design 
and  contour.  The  stvle  adojited  in  construction  is 
that  of  the  fiillv  develojied    Italian  Renaissance. 


The  north  f.ic.ide,  wliich  is  the  dominant  one  of 
the  Inulding.  stretcliinj;  east  and  west  a  full  thousand 
feet,  has  a  lott\-  centre  ]>a\ili(in  flanked  b\'  two  great 
towers,  the  to]imost  pinnacle  of  which  reaches  skyward 
263  ft.  Regulation  railwav  trams  may  enter  the 
building  from  the  west  through  three  arches,  each 
4S  ft.  wide  and  55  ft.  high.  The  aggregate  width 
of  ail  the  entrances  is  511  ft. 

The  steam  and  gas  reipiired  to  drive  the  engines 
in  the  Machinerv  Pala'^e  will  l)e  generated  m  an  iron 
and  steel  annexe  adjoining  it  on  the  west  In  this 
building,  which  is  300  ft.  wule  l)v  370  ft,  long.  wiH  also 
be  .venerated  the  steam  for  the  vast  amount  of  jiower 
needed  to  tlri\e  the  expi.isition  machinery  m  all 
parts  of  the  grounds. 
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In  the  construction  of  the  IMachiuery  Palace  there 
were  used  1,403  tons  of  castings,  bolts  and  rods,  washers 
and  nails.  Two  hundred  tons  of  nails  were  driven. 
Seven  million  feet  of  kiniber  were  used.  Fifty  tons 
of  white  lead  were  consumed  in  the  painting  of  800,000 
square  feet  of  surface,  and  112  barrels  of  linseed  oil 
were  used  in  mixing  it.  The  cost  of  the  completed 
structure  was  .§496,557. 

The  accompanying  views  also  show  the  Adminis- 
tration, Electricity  and  Education  buildings,  etc. 

Mr.  T.  W.  Moore,  Chief  oE  the  Department  of 
Machinery,  reports  that  the  total  power  generated 
and  used  by  the  Exposition  will  he  in  the  neighbourh')i'(] 
of  50,000  h.p.  A 
relatively  small  per- 
centage of  this  will 
be  500-volt  tlirt-ct 
current.  A  still  smaller 
proportion  will  be 
2,400-volt,  three-phase. 
50  -  cycle  alternating 
current,  and  very 
minor  items  will  give 
iio-volt  and  220-volt 
current,  but  over 
80  per  cent,  of  the 
electric  energy  avail- 
able will  be  in  6,600- 
volt,  three-phase,  25- 
current. 

The  largest  unit  of 
this  great  power  plant 
will  be  an  8,000  h.p. 
steam  turbine,  and  the 
next  largest  a  5.000 
h.p.  compound  hori- 
zontal and  vertical 
reciprocating  steam 
engine  —  the  last- 
named  from  Seraing, 
Belgium. 

By  comparison  with 
former  Expositions,  the 
following  facts  appear : 
The  largest  steam  en- 
gine in  the  Chicago 
Exposition  was  rated 
at  2,500  h.p.,  and  the 
largest  gas  engine  in 
that  Exposition  at  10 
h.p.  The  largest  steam 
engine  in  the  Paris 
Exposition  of  1900 
(which,  by  the  way, 
was  the  largest  steam 
engine  ever  e.xhibited 
in  any  Exposition  u]> 
to  that  time)  was  rater! 
at  4,000  h.p.  At  St. 
Louis  will  be  shown 
a     steam     engine     of 


over  three  times  the  power  of  the  largest  shown  in  the 
Chicago  Exposition,  and  over  twice  the  power  of  any 
shown  in  the  Paris  Exposition  ;  or,  in  fact,  in  any 
exposition  prior  to  this  time. 

The  comparison  with  reference  to  gas  engines  is  still 
more  impressive.  The  engines  to  be  seen  at  Chicago 
were  relativelv  mere  toys,  and  the  largest  exhibited 
up  to  the  present  time  have  been  those  shown  at 
the  Pans  Exposition  of  1900,  and  the  Diisseldorf 
Exposition  of  1902.  From  this  it  will  appear  that 
the  3,000  h.p.  engine  to  be  set  up  at  St.  Louis  exceeds 
by  five  times  the  power  of  any  gas  engine  ever  before 
]MiMicI\-  exhil)ited. 
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A    NEW    ROPEWAY    AT    DORKING. 


WI-;  -.llustrate  a  new  line  which  has  lieen  installed 
at  Dorking  by  the  Ropeways  Syndicate,  Ltd., 
for  the  purpose  of  conveying  chalk  from  the 
quarries  and  dumping  it  into  two  kilns.  Idiis 
has  taken  the  place  of  ground  tr;icks  worked  l)y 
locomotives. 

The  line  is  about  700  yards  long,  with  a  capacity 
oi  fifteen  tons  per  hour.  There  is  a  difference  of 
twenty-two  yards  in  favour  of  the  load,  and  only 
about  three  h.p^  actual  is  required   to  drive  it.     The 


ropeway   runs   at   a   speed   of    130  yards  per   minute, 
and  carries  loads  of  about  4  cwt.  each. 

The  system  generally  installed  by  the  companv 
under  the  Roe  and  Bedlington  patents,  comprises  an 
endless  constantly  moving  rope  which  both  supports 
the  loads  and  carries  them  along,  but  at  the  stations 
they  come  to  rest  on  shunt  rails  for  the  purpose  ot 
loading  or  unloading.  When,  however,  the  proposed 
ropeways  are  of  very  small  capacity,  a  constantly 
moving  carrier  system  in  employed. 
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Mr.    JOHN  A.   F.  ASPINALL,   M.I.Mecii.E.,  A.M.Inst.CE. 

Gciicnd  Maiicii^cr  of  the  LditCii.^liiiv  mid  Yorkshire  Rdiluuiy. 


MR.   JOHN    AUDLEY    FREDERICK   ASPIXALL 
was   boni  in   Liverpool    in    1851.      His   great- 
grandfather, John  Bridge  Aspinall,  was,  in  1801,  mayor's 
bailiff   and   coroner 
of  Liverpool,  and  in 
1803        held         the 
mayoralty     of     that 
cit}'.        Thirty  -  one 
3'ears       later       the 
mayoral   chair    was 
again    filled     by     a 
member      of       the 
Aspinall  family, 

James  Aspinall — a 
great-uncle  of  the 
subject  of  this 
sketcli. 

Mr.  Aspinall  re- 
ceived his  early 
training  at  Beau- 
mont College,  in 
Berkshire,  where  he 
showed  a  marked 
aptitude  for  me- 
chanical pursuits. 
With  a  wise  recog- 
nition of  the  bent 
of  mind  strongly 
evidenced  in  his 
boyhood,  he  was,  at 
the  close  of  his 
collegiate  career, 
articled  as  a  pupil 
at  the  Crewe  Works 
of  the  London  and  Xorth-Western  Railway  Company 
to  the  late  Mr.  John  Kamsbottom,  which  pupilage  he 
completed  under  Mr.  Webb,  who  has  just  retired  from 
the  position  of  mechanical  engineer  to  that  companv. 

At  the  end  of  that  time  he  was  appointed   assistant 
works  manager  in  the    steel-making   department,   with 
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charge  also  of  the  erection  of  all  new  buildings 
connected  wuth  the  Locomotive  Department  of  the 
London    and   North- Western   Railway. 

Wlien  the  late  Mr. 
J.  C.  Park  left  lire- 
land  to  become  the 
locomotive,  carri- 
age, and  "wagon 
superintendent  of 
the  North  London 
Railway,  Mr.  Aspi- 
nall succeeded  him, 
in  1875,  ^s  works 
manager  of  the 
Great  Southern  and 
Western  Railway 
Company's  Works 
at  Inchicore,  Dub- 
lin ;  and  in  1883, 
on  Mr.  Alexander 
McDonnell  vacating 
the  post  of  locomo- 
tive, carriage,  and 
wagon  superinten- 
dent of  that  com- 
pany for  a  similar 
position  on  the 
North- Eastern  Rail- 
way, Mr.  Aspinall 
succeeded  to  the 
office. 

Returning  to  Eng- 
land in  1886  to 
assume  the  duties 
of  chief  mechanical  engineer  to  the  Lancashire  and 
Yorkshire  Railway  Company,  Mr.  Aspinall  found  a 
work  of  considerable  magnitude  before  him.  The 
Company's  Locomotive  Works  at  Miles  Platting  and 
Bury  were  altogether  antiquated  and  inadequate  even 
for  dealing  with  repairs.     Tlie  building  of  the  new  works 
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at  Horwich  had  just  been  ominencec].  and  the  erection 
of  the  buildings,  the  arrant^ements  of  the  machinerv,  and 
the  j«eneral  equipment  of  the  various  workshops  were 
among  the  duties  which  confronted  him.  How  he 
succeeded  in  his  task  of  organisation  and  supervision 
is  known  to  those  who  have  visited  tlie  Horwich  Works. 
Admirably  arranged  and  well  lighted,  they  are  by 
many  considered  to  be  the  finest  works  of  their  kind 
in  the  country. 

Whilst  in  Dublin,  Mr.  .-Vspinall  became  a  member 
of  the  Institution  of  Civil  Engineers  in  Ireland.  He  was 
successively  a  member  of  the  Council,  Vice-President, 
and  linally  President  of  the  Institution  for  the  two 
sessions  from  i8!^4to  i<^86,  during  which  time  he  con- 
tributed several  papers  to  the  proceedings.  In  iS.si 
he  became  a  member  of  the  Institution  of  Mechanical 
Engineers,  and  an  associate  member  of  the  Institution 
of  Civil  Engineers,  of  which  latter  body  he  was  elected 
a  member  in  iSSj,  and  received  a  Telford  premium 
in  iS8S.  In  1885  he  was  appointed  a  Vice-President  of 
the  Inventions  E.xhibitinn  held  in  London  in  that  year: 
in  1887  he  was  elected  a  member  of  the  Iron  and  Steel 
Institute:  in  1802  he  was  made  a  member  of  the  Council 
of  Mechanical  ICngineer--.  :in(l  is  now  Vice-President  oi 
that  Institution.  In  iS()S  lie  occupied  the  chair  uf 
President  of  the  Institution  nl'  Juuiur  Engineers,  and 
two  j-ears  ago  was  President  ol  tlie  Liverpool  Engineer- 
ing Society. 

In  1803  -Mr.  .Vspinall  contributed  an  exhaustive 
paper  on  "  Express  Locomoti\es  "  to  the  proceedings 
of  the  Internation.il  Kailway  Congress,  and  he  has 
repeatedly  enriched  the  proceedings  of  the  Institution 
of  Civil  Engineers  as  well  as  of  the  Mechanical  Engineers. 
A  short  time  ago  he  read  an  interesting  paper  on  "  Tr;iin 
Resistance'  before  the  Institution  of  Civil  Engmeers. 
It  may  be  recalled  that  this  paper  dealt  with  the  results 
of  experiments  carried  out  v.ith  a  dynamometer  car  cjn 
the  Lanciishire  and  Yorkshire  K'iiiJway  in  an  endeavour 
to  arrive  at  the  tractive  effort  required  to  haul  modern 
railway  carriages.  The  autlior  stated  that  a  long 
series  of  experiments,  the  results  of  which  were  not 
recorded  in  the  paper,  had  been  previously  tried,  but 
that  the  etfect  of  the  wind  upon  trains  was  such  as  to 
require  a  much  clo^er  investigation  into  this  special 
branch  of  the  subject.  The  records  then  presented 
were  the  results  of  a  careful  set  of  experiments  jnade 
with  a  view  to  show  how  nuich  more  important  the 
question  of  wind  piessure  was,  as  atfecting  tniins, 
than  any  other  item  in  the  total  resistance.  This 
paper  is  a  most  v.ilu;ible  one  tn  ;il]  railwav  engineers. 
It  will  he  found  in  the  recorcK  of  the  Institution  of 
Civil  Engineers,  and  is  accompanied  by  an  appendix 
giving  in  tabular  and  grapliic  form  the  results  obt;uned 
by  a  number  of   previiuis   investigators,  with    references. 


For  this  paper   he   was  awarded  a  "  Watt  "  Gold  Medal 
by  the  Institution  of  Civil  Engineers 

In  |ulv,  1899,  Mr.  Aspinall  was  appointed  by  the 
Directors  of  the  Lancashire  and  Yorkshire  Railway  as 
general  tnanager  of  that  important  company,  in  suc- 
cession to  Mr.  J.  H.  Stafford,  and  it  is  interesting  to 
note  that  this  is  the  tirst  instance  that  can  be  recalled 
in  Ivnglish  railway  history  of  a  mechanical  engineer 
having  been  chosen  as  general  manager  of  such  an 
undertaking.  During  the  four  years  he  has  been  chief 
olficer  of  that  company  he  has  pursued  a  vigorous 
policv,  being  determined  that  the  Lancashire  and  York- 
shire Railway  should  rank  among  the  very  first  in 
the  I'nited  Kingdom  in  the  excellence  of  the  services 
provided  I'or  the  travelling  public. 

The  success  which  has  attended  the  introduction  of 
Ml'.  Aspinall's  locomotives  on  this  railway  is  well  known, 
and  it  is  a  I'act  that  at  the  present  time  some  of  the 
fastest  p.issenger  ;md  heaviest  goods  and  mineral  trains 
are  to  be  found  running  over  the  Lancashire  and  York- 
shire system.  It  is  ;dso  interesting  to  note  that  the 
Lanc:ishire  and  Yorkshire  Company  will  proliably 
be  the  first  ordinarv  railway  company  in  the  I'nited 
Kingdom  to  work  trains  by  electrical  traction,  as,  in 
the  autumn  of  last  year,  the  directors  of  that  company 
decided  to  electrify  a  portion  of  their  railway  between 
Liverpool  and  Southport  (184  miles),  and  it  is  expected 
that  the  work  will  be  complete  before  the  end  of  the 
present  year. 

In  Kjoo  Mr.  .Aspinall  w:is  asked  to  contribute  a  paper 
to  the  International  Railway  Congress  on  the  subject 
of  "  The  Purification  of  the  Feed  Water  of  Locomotives, 
and  the  I'se  of  Disincrustants,"  and  since  its  publica- 
tion he  has  been  the  recipient  of  congratulatory  com- 
munications from  engineers  and  others  who  are  in- 
terested in  this  subject,  in  practically  afl  p;u-tsof  the  globe. 
This  brief  sketch  would  not  be  complete  without 
some  reference  to  the  Horwich  Institute  and  Technical 
School,  which  was  provided  largely  through  the  instru- 
mentality of  Mr.  Aspinall.  The  success  which  has 
attended  his  efforts  in  this  direction  has  been  most 
gratifying  to  everyone  concerned,  including  the  directors 
of  the  company,  who  take  a  deep  interest  in  the  Insti- 
tution, ;ind  ;ilso  to  Mrs.  Samuel  F'ielden  (the  widow  of 
a  late  director),  who  erected  at  her  own  cost  two  wings 
to  the  main  building,  and  endowed  a  gymnasium  as  ;i 
further  ;idjunct  to  the  equipment  of  the  Institute. 

The  mechanical  and  chemical  laboratories  forming 
one  of  the  wings  which  .Mrs.  P'ielden  provided,  are 
fuliv  equipped,  and  the  mechanical  l.dioratory,  in 
particul.u',  is  l.irgelv  unique  in  its  eh. uai-ter,  by  reason 
ni  the  extent  of  the  .qii'liances  which  are  used  in 
connection  with  the  cl.i'-ses  which  iwe  held  in  the 
Institute. 


THE  HONORARY  LOCAL  SECRETARIES  AT  THE  LEEDS  MEETING 
OF  THE  INSTITUTION  OF  MECHANICAL  ENGINEERS. 


Mr.CMRI5TOPHEliJAME5,M.l,Mech.E. 

Mr.  Chiistoi/1'er  Jame?  may  be  saiil  to  have 
Tollowed  a  liereditary  occuyiation,  being  the  son 
of  Christopher  James,  consulting  engineer  of  Bristol, 
whUe  his  great-grand  father,  grandfather,  and  uncle 
were  successively  engineers  to  the  Cyfarthfa  Works,  in 
South  Wales.  Curiously  enough,  his  grandfather  was 
the  first  to  make  a  vertical  testing  machine  with 
hydraulic  pulling  cylinder  and  lever  weighing  mechanism, 
while  he  himself  has  long  been  engaged  under  Mr. 
J.  Hartley  Wicksteed  in  the  development  of  the 
modern  testing  machme,  the  germ  of  which  existed 
in  1829  at  Cyfarthfa. 

After  the  usual  Public  School  education  and  a  period 
of  two  years  on  the  Continent,  chiefly  in  Germany 
and  Switzerland,  he  began  his  engineering  career  in 
the  shop  of  Sharp,  Stewart  and  Co.,  then  of  Manchester. 
After  a  short  tmie  there,  and  a  year  as  assistant  to 
his  father,  he  entered  on  a  regular  apprenticeship  with 
Oliver  and  Co.,  Ltd.,  of  Chesterfield  (now  Markham 
and  Co.,  Ltd.).  During  this  period  he  attended  the 
engineering  course  at  the  Sheffield  Technical  School, 
under  Professor  Ripper,  and  later  studied  under  Pro- 
fessor Barr  at  the  Yorkshire  College,  Leeds. 

About  seventeen  years  age,  he  entered  the  service 
of  Joshua  Buckton  and  Co.,  Ltd.,  Leeds,  of  which 
firm  he  is  now  one  of  the  joint  managing  directors. 
He  is  devoted  to  the  development  of  new  and  special 
machine  tools,  and  is  an  advocate  of  high  speeds  and 
powerful  machines. 


:  rUoto.  by  ./.  A',vst'/)(o;i/.]  Uc.ls. 

MR.    E.    KIT.SON'    LL\RK,    M.A.,    M  I.MKCH.E. 


Mr.    EDWIN    KITSOPS    CLARK, 
iM.I.>lech.E. 


M.A., 


I\Ir.  Edwin  Kitson  Clark  is  a  Yorkshireman 
on  both  sides,  his  father  having  been  for  many 
years  Regius  Professor  of  Civil  Law  at  Cambridge. 
He  was  educated  at  Sutton  Valence,  Shrewsbury  (head 
boy),  and  Trinity  College,  Cambridge  {scholar),  taking 
first-class  honours  in  the  classical  tripos.  On  leaving 
Cambridge  he  at  once  commenced  practical  training 
for  the  engineering  profession,  passing  through 
the  works  of  Messrs.  Kitson  and  Co.,  Leeds,  M'here 
he  had  the  special  advantage  of  pursuing  his 
studies  under  his  uncle,  the  late  Mr.  Hawthorn 
Kitson,  and  Mr.  T.  P.  Reay.  The  whole  of  Mr.  Clark's 
engineering  career  has  been  associated  with  the  same 
firm,  of  which  his  uncle.  Sir  James  Kitson,  is  now 
chairman.  Having  been  successively  assistant  works 
manager  and  works  manager,  he  was  in  1897  taken 
into  the  firm  as  a  partner,  and  he  is  now  a  director 
(jf  the  firm  of  Messrs.  Kitson  and  Co.,  Ltd.  Mr. 
Clark  is  a  member  of  the  Institution  of  Civil  Engineers 
and  of  the  Institution  of  Mechanical  Engineers.  He 
is  keenly  interested  in  archa-clcgv  and  is  a  Fellow 
of  the  Society  ot  Anticjuaries.  He  also  acts  as 
Secretary  of  the  Leeds  Philosophical  ar.d  Literary 
Society. 

Mr.  Kitson  Clark  married  in  1897.  Ina,  third 
daughter  of  Mr.  George  Parker  Bidder,  Q.C.,  and  has 
two  sons. 


P/iolo.  hyJ.'A'oscmoiil.]  [I.^rcis 

MR.    CIlRlsrol'HKR  JAMKS,  M.I.M  KCI  I.E. 
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I'hoto.  hy  J.  A', 


MKKTIXG    OF   THK    IXSTITl  TION    OF    .MIXHANICAL    EXGINFFKS   AT    LKKDS. 


The    Institution    of    Mechanical 
Engineers. 


A  PICTORIAL  AND  STATISTICAL   VIEW   OF 
ITS   MEMBERS. 

NOT  the  k-asl  iiitcrc^tiii.^  Iiinclinii  cuiiiicctcd  witiT  the 
summer  mcetin.L;  of  the  liistitulinii  of  Mechanical 
Engineers  was  the  assembly  of  members  on  the  steps  of 
the  Town  Hall  at  Leeds  for  the  puipuse  of  lieing 
photographed . 

An  account  ijl  the  Leeds  meeting  will  be  found  at  page 
240.     The  smooth  working  of  the  programme  throughnut 


rellected  consider.ible  credit  upnn  the  whole  nf  the 
(iflicials,  honniarv  and  (jtherwise,  the  amount  o' 
1  irganisatii  >n  required  fur  a  conference  nl  mure  than 
500  members  being  by  nu  means  a  light  matter  :  in  fact. 
Mr.  Edgar  \Vorthingti>n,  the  Secretary,  must  have  had  his 
hands  full  for  some  time  past.  The  honorary  local 
secretarial  duties  were  elficientlv  undertaken  by  Messrs. 
E.  Kitson  Clark,  M.A.,  M.l.Mech.E.,  .and  Mr.  Christopher 
\V.  James,  M.l.Mech.E. 

The  total  number  nf  all  cl.i^^es  un  the  roll  of  the 
Institution  at  the  end  of  kjoj  u  a^  .^.NijJ,  as  compared  with 
3,400  at  tlie  end  of  the  previous  year,  showing  a  net 
gain  iif  40J,  C'lmp.ired  with  corresponding  gains  of  238, 
243,  and  325  respectively  during  the  years  which  h.ive 
elapsed  since  the  Institution  took  possession  of  its  new 
House.      During  last  year  5(15  candidates  were  elected,  of 


THE    MK.Ml'.KKS    I'HOTUGKAI'H  KI)   OX    THE    STEI'S   OV   THE    TOWX    IIAI.L. 


whom  43  were  former  Graduates  elected  as  Associate 
Members  ;  and  four  elections  became  void,  thus  makinjj 
518  names  added  to  the  register. 

A  rapid  increase  of  membership  has  been  in  progress 
for  several  years.  It  was  attributed  at  the  last  annual 
meeting,  by  Mr.  Maw,  to  the  work  which  was  done  at 
the  time  when  it  was  resolved  to  make  the  Institution  a 
London  Institution,  and  secondly  to  the  determination  of 
its  members  to  build  a  home  of  their  own,  thus  taking 
the  position  to  which  they  were  entitled  among  the 
important  societies  of  London. 

The  province  of  the  Institution  was  forcefully  stated  by 
the  President,  Mr.  J.  Hartley  Wicksteed,  in  his  recent 
address  to  the  members.  "  We  are  associated,"  he  said, 
"as  members  of  this  Institution,  for  the  purpose  of 
promoting  'The    Science   and    Practice   <>f    Mechanical 


Engineering."  The  history  of  Mechanical  Engineering 
is  ci)-e.\istent  with  the  history  of  Imn.  .As  the  production 
of  Iron  has  developed,  so  have  the  works  of  the 
Mechanical  Engineer.  His  monuments  are  in  iron  ;  with 
it  he  builds  ships,  guns,  engines,  and  all  sorts  of 
machines  by  which  the  labour  of  man  is  lightened  and 
is  increased  in  its  productiveness,  and  the  circulation  of 
mankind  through  the  arteries  of  the  world  is  increased 
in  volume  and  rapidity.  A  current  of  humanity  is 
created  through  all  the  nations,  and  this  is  the  very 
contrast  to  congestion  and  stagnation.  It  carries  ideas 
and  knowledge  on  its  stream,  and  also  the  produce  and 
specialities  of  distant  clime.s  and  races.  It  stimul.itcs 
production  in  all  industrie>,  and  what  industry  is  there 
to  which  the  Mechanical  Engineer  has  not  lent  his 
assistance  .' " 


THE    STEWART  EATON   CINDER    POT. 


Ax  improved  cinder  car  lias  been  recently  ])atenteil 
in  America  which  can  be  tilted  In-  steam  or  com- 
pressed air,  and  it  is  claimed  that  it  not  only  jirovides 
for  easy  dimi])ing,  but  can  also  be  reathh"  cleansed 
of  the  scale  with  which  the  bottom  becomes  coated 
after  continued  use. 

The  dumping  and  cushioning  cylnuK-rs  are  cast 
together,  and  there  is  a  rack  mo\-ing  m  a  giude  cast 
on  one  of  the  cylinders.  The  rack  has  an  arm  to  which 
the  piston  rods  are  secured,  and,  on  the  raising  or 
lowering  of  the  rack,  a  gear  wheel  keyed  on  the  trunnion 
of  the  pot  is  rotated  to  a  corresponding  extent,  the 
limit  to  which  the  pot  is  usually  tipped  being  go  deg- 
Tlie  air  or  steam  is  admitted  or  exhausted  irom  the 
cylinder  bv  a  4-way  vahe.  When  several  of  these  cars 
are  used,  forming  a  train,  the  main  steam  or  air-pipes 
are  connected  together,  so  that  a  su]i]ily  of  steam 
from  the  boiler  of  the  engine  or  other  source  may  I'e 
applied  to  the  entire  train. 

The  cleansing  is  effected  b\-  means  of  a  ]ikite  which 
is  placed  on  the  bottom  of  the  pot,  and  is  })ro\-ided 
with  a  stem  connected  to  a  lever  ojx-rated  liy  the 
piston  of  a  steam  or  compressed  air  cylimler. 

When  a  crust  has  formed  over  the  hoUom  of  the 
cinder  pot,  and  it  is  necessary  ti)  break  this  up,  ^team 
or  ail'  is  admitted  into  the  uppei'  end  of  the  cylinder. 
This  forces  tlie  piston  of  the  cylinder  down,  hv  means  of 
the  connecting  levers,  pu^hes  upward  the  stc.im  ji.issing 
lliKjugh  the  liottoni   of   the   pol,  r.iising   the   pl.ite   inside 


and  thus  breaking  the  crust  foriued  over  it.  Then  bv 
luriiing  the  handle  of  the  valve  00  deg.  in  the  opposite 
direction,  the  upix-i'  end  of  the  (.vliiider  is  opened  to  the 
e.xhaust,  while  steam  or  air  is  admitted  to  the  other  end, 
bringing  the  plate  back  to  its  normal  position  in  the 
bottciin  of  the  pot. 

The  Stewart-Eaton  cinder  car  is  manufactured  by 
■Messrs.  Hickman,  Williams  and  Co.,  of  Cincinnati, 
and  to  Mr.  Frank  M.  Eaton  of  that  city  we  are  indebted 
for  the  pliotos,  which  were  taken  at  Roanoke,  Va.,  where 
two  of  these  pots  have  l:ieeii  in  use  for  the  past  ten  or 
twelve  months  (see  Frontispiece).  It  is  claimed  ior 
them  that  they  effect  a  saving  in  labour  and  repairs. 
With  the  old  stvle  pot  it  was  necessary  to  have  a 
u'.an  A\-hose  exchisi\-e  dutv  was  dumping  au'l  cleanin-;, 
while  with  the  new  improvement  the  switchman  on 
the  locomotive  can  attend  to  this  work,  in  adilition  to 
his  usual  duties,  as  it  is  onlv  neces-ary  for  him  to 
open  a  valve  to  tluirp  the  pot,  and  open  a  second 
valve  to  clean  it  With  the  old  style  pot  it  was  necessary 
to  cool  the  skull  with  water  before  it  could  be  dug  out. 
This  constant  drenching  causd  the  iron  work  to  expand 
and  contract  a  number  of  times  a  day,  and  the  life 
of  the  lining  w-as  thus  very  limited.  With  the  Stewai  t- 
Eaton  cinder  pot  it  is  unnecessary,  at  any  time,  to 
use  water. 

(Jiir  frontispiece  >liri\\s  the  cinder  pot  in  .iciii.il 
oix-i'.ition,  and  the  accompain  iiig  illustration  will  serve 
to  give  a  clearer  notion  of  its  arrangement. 


mM&, 
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NEW   J6-IN.  UNITED         — T| 
5TATES  COAST   DEFENCE   GUN.     | 


BY 


HERBERT    C.     FYF]:. 


The  recent  successful  trials  of  the  new  United  States  Army  i6-in.  breech-loading  gun  at 
the  Sandy  Hook  Proving  Ground  have  drawn  attention  to  this  weapon  as  one  of  the  most 
powerful  pieces  of  ordnance  in  existence.  That  it  is  destined  to  play  an  important  part 
in  coast  defence  is  improbable  ;  but  apart  from  its  potential  military  value  the  gun  is  a 
splendid  piece  of  mechanism,  reflecting  great  credit  on  the  authorities  responsible  for  its  design 
and  construction,  and  is  of  sufficient  interest  to  merit  a  more  detailed  description  than  we 
have  hitherto  been   able    to  give  it. — Ed. 


THE  new  i6-in.  breech-loading  gun  is  the  first  of  a 
series  of  similar  gigantic  weapons  which  were  pro- 
posed for  the  sea-coast  defence  of  the  United  States.  The 
Endicott  Board,  which  had  the  whole  subject  of  sea- 
coast  defence  under  consideration  some  years  ago, 
reached  the  conclusion  that  eighteen  of  these  weapons 
should  be  provided  for  the  protection  of  New  York. 
The  Board  also  recommended  that  ten  i6-in.  guns 
should  be  mounted  at  San  Francisco,  eight  at  Boston, 
and  four  at  Hampton  Roads. 

DESCRIPTION     OF     GUN. 

The  total  length  of  the  gun  is  590-9  in.  (49  ft.  2-9  in.), 
with  a  diameter  of  the  rear  portion  of  60  in.,  the  forward 
part  gradually  diminishing  from  60  in.  to  28  in.  at 
the  muzzle. 

The  length  of  main  bore  is  448-5  in.  (^j  ft.  4-5  in.), 
with  a  diameter  of  16  in.  ;  the  cylindrical  part  of  the 
powder  chamber  is  90-7  in.  long,  with  a  diameter  of 
18-9  in.  ;  this  is  connected  with  the  main  bore  by  a 
conical  slope  24  in.  long.  The  volume  of  the  powder 
chamber  is  29,385  cubic  inches.  The  main  bore  is 
rifled,  having  ninety-six  lands  and  ninety-six  grooves ; 
the  depth  of  each  groove  is  o-o6  of  an  inch  ;  the  rifling 
curve  is  of  increasing  twist,  being  a  semi-cubic  parabola, 
starting  with  one  turn  in  50  calibres,  gradually  in- 
creasing to  one  turn  in  25  calibres  at  the  muzzle. 

The  breech  recess,  containing  the  threaded  and 
slotted  portion  for  the  locking  of  the  breechlock,  is 
24-4  in.  long,  with  a  diameter  (jf  top  of  threads  of 
24-86  in. 


The  gun  is  built  up  of  the  following  parts  : — 

A  tube,  566-5  in.  long,  with  a  maximum  outside 
diameter  of  29-3  in.  ;  two  C  hoops,  which  are  shrunk 
over  the  tube  from  the  forward  end  of  the  jacket  to  the 
muzzle. 

The  jacket  is  304-65  in.  long,  and  is  shrunk  on  the 
rear  portion  of  the  tube  from  the  end  of  the  C  hoop  ; 
the  rear  end  of  the  jacket,  for  a  length  of  24-4  in., 
overhangs  the  tube  and  forms  the  breech  recess. 

The  D  hoop,  which  is  144-5  i"-  ^orig,  is  shrunk  over 
the  forward  end  of  the  jacket,  and  rear  part  of  the  C 
hoop  ;  its  bore  contains  two  locking  shoulders,  which 
grij)  over  two  corresponding  shoulders  on  the  jacket 
and  C  hoo}),  thus  interlocking  the  w'hole  system,  and 
])reventing  any  sliding  backward  of  the  jacket  or  sliding 
forward  of  the  C  hoops,  due  to  the  shock  of  firing. 

Three  A  hoops  are  next  shrunk  on  ;  the  Ai  hoop 
overlaps  the  rear  part  of  the  D  hoop  with  its  front  end, 
and  the  outer  service  of  the  jacket  with  its  rear  end  ; 
the  hoops  A2  and  A3  are  shrunk  directly  over  the  outer 
surface  of  the  jacket. 

The  B  hoops  are  shrunk  outside  of  the  A  hoops. 

BREECH     MECHANISM. 

The  breech  nucluiniNni  Jor  this  gun  is  denominated 
the  "  Stockett  system,"  a  modification  and  simplilica- 
tion  of  the  Farcot-Fletcher  system,  and  consists  of  the 
following  principal  parts  :  Breechblock,  consol  or 
tray  with  latch,  hinge  plate,  obturator  spindle  with 
appurtenances,  compound  gear,  worm  wheel,  and  worm 
with  wormr  shaft,  rotating  crank  and  handle. 
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The  breechblock  has  a  diameter  of  26  in.,  and  a  total 
length  of  27-3  in.,  with  a  length  over  the  threailed 
portion  of  I9'89  in.      Tlie  threatled  portion  is  di\-ided 
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into  twelve  sectors,  six  threaded  and  six  blank,  each 
sector  being  30  deg.,  correspondnig  to  similar  sectors  in 
the  lireech  recess  of  the  gun.  The  pitch  of  the  thread 
is  1-71  in.  ;  on  the  rear  end  of  the  breechblock  is  a 
projection  where  the  rotating  rack  is  cut ;  the  teeth  of 
this  rack  have  a  normal  pitch  of  1-50  in.,  and  a  circular 
pitch  of  1-577  in.  ;  the  longitudinal  thread  pitch  of 
these  teeth  is  one  turn  in  24S-J5  in. 

The  block  is  bored  out  anel  recessed  lor  spindle, 
nuts,  etc.  The  translating  rack  is  cut  on  the  right- 
hand  side  of  the  block  ;  the  pitch  of  the  teeth  of  this 
rack  is  2-4JC)  in.  :    the  depth  of  the  teeth  is   i-ii  in. 

Both  the  rotating  ami  the  translating  racks  are  cut 
out  of  the  solid  block. 

The  consol  or  tray  is  a  steel  casing.  The  guide  rails 
are  flat,  and  ha\e  a  length  of  16  in.  The  distance  from 
centre  of  trav  to  centre  of  hinge  lug  is  I5'70  in.,  ami 
the  height  of  hinge  lug  15-5  5  in. 

The  tray  latch  is  pivoted  underneath  the  tray, 
and  IS  arranged  so  as  to  open  and  chjse  automati- 
cally. 

The  hinge  plate  is  titled  into  and  Ijolted  to  a  recess 
in  the  l)reech  end  on  the  right  side  of  the  gun,  and  has 
iwo  heavy  lugs  for  the  hinge  pin  ;  these  lugs  are 
located  far  enough  apart  to  admit  the  hinge  lug  of  the 
tra\-,  and  also  the  compound  gear  ;  underneath  the 
l)Ottom  lug  IS  a  recess  containing  the  worm  and  worm 
shaft. 

The  oliturator  spindle  has  a  total  length  of  26-95  i'''- 
The  mushroom  head  has  a  diameter  of  18-85  ii'^--  ^^^^  ^ 
thickness  of  4  in.  The  forward  part  of  the  spindle  has  a 
diameter  of  ()-22  111.,  and  the  rear  part  5-97  in.  The 
end  of  the  spindle  is  tlireadetl  with  a  left-hand  thread 
for  the  obturator  nut.  and  a  right-hand  thread  for 
the  locking  nut  ;  the  spindle  is  tlrilleil  with  a  0-2  in. 
vent  hole,  and  the  end  threaded  and  bored  for 
regular  ol)turating  primers  ;  the  dimensions  of  the 
rear  end,  however,  are  so  large  as  to  permit  of  an\' 
change  it  miglU  be  necessary  to  make  when  a.  tiring 
mechanism  lor  sea-coast  guns  has  been  linally 
determined  ui>iiii. 

The  gas-clieck  pad.  front,  rear  and  small  split  rings, 
are  the  same  stvle  as  thtjse  used  for  all  other  sea-coast 
guns  at  present. 

The  compound  gear,  so-called  because  the  teeth  are  so 
arranged  as  to  perform  both  the  rotation  and  translation 
oi  the  breechblock,  has  an  outside  diameter  of  8-685  in., 
and  a  thickness  of  ^S  in.  ;  the  spiral  teeth  (for  rotation 
of  block)  have  the  same  normal  pitch  (1-50  in.)  as  the 
rotating  rack  on  end  of  breechblock,  but  with  a  circular 
jiitch  of  4-854111..  and  a  threatl  pitch  of  one  turn  in 
7-S85  in.  ;  the  angle  of  this  pitch  is  18  deg. 

The  translating  teeth  are  formed  by  slotting  the 
s])iral  teeth  vertically  ;  the  number  of  these  teeth  is 
ten.  with  a  circular  pitch  ot  2-426  m.  The  compound 
gear  is  bored  to  a  diameter  of  3  in.  ami  slotted  with 
two  kevwavs  which  bore  aii'i  keyways  fit  corresponding 
parts  on  the  hinge  pin 

The  worm  wheel  is  made  of  liard  lironze  and  has  a 
maximum  outside  diameterof  10.165  in.,  ^^"'^  '^^  thick- 
ness  of  2  in. 
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The  worm  (made  of  steel)  and  the  bronze  worm 
wheel  are  cut  according  to  the  Hindley  system,  giving 
the  maximum  amount  of  bearing  surface  ;  the  number 
of  teeth  on  worm  wheel  is  24  with  a  pitch  diameter 
of  9'07i  in.,  with  their  circular  pitch  cut  to  fit  a  double 
threaded  left-hand  worm,  having  a  pitch  of  -•375  in., 
giving  a  ratio  of  12  to  i. 

The  worm  shaft,  is  an  extension  of  the  worm,  and 
is  in  one  piece  with  the  same.  On  the  end  of  this 
is  the  rotating  crank,  which  is  1 5  in.  from  centre  to 
centre  with  a  handle  16  in.  long 

The  worm,  with  shaft  is  placed  in  the  recess  provided 
for  it  in  the  hinge  plate,  and  has  hardened  steel  ball 
bearings  at  each  end  of  this  recess,  to  take  up  the 
thrust  due  to  rotation  and  reduce  the  friction  to  a 
minimum. 

OPERATION     OF     THE     BREECH      MECHANISM. 

This  mechanism  is  so  designed  as  to  be  opened  or 
closed  with  one  continuous  motion  of  the  rotating 
crank ;  twenty-two  and  a  half  revolutions  in  one 
direction  open  the  mechanism,  and  the  same  number 
of  revolutions  in  the  opposite  direction  will  close  it. 

In  manipulating  the  crank,  the  worm  transmits 
the  motion  to  the  worm  wheel  and  the  compound 
gear,  both  of  which  are  fastened  to  the  hinge  pin, 
the  spiral  teeth  of  the  compound  gear  being  engaged 
in  the  teeth  of  the  rotating  rack,  rotates  the  breech- 


block. The  rotation  of  the  breechblock  is  limited 
to  the  proper  amount  by  a  projection  on  the  lower  end 
of  the  rotating  rack  striking  against  the  underside 
of  the  compound  gear,  and  the  translating  teeth 
of  this  gear  are  now  brought  into  action  with  the 
teeth  of  the  translating  rack  ot  the  breechblock,  with 
drawing  this  out  on  the  consol  or  tray,  the  block 
being  guided  and  supported  by  the  guide  rails  of 
the  trny  engaging  into  the  guide  grooves  of  the  block  ; 
the  amount  of  tr.anslation  is  limited  by  the  ends  of 
the  guide  grooves  abutting  against  the  forward  end 
of  the  guide  rails.  At  this  point  the  tray  latch,  which 
has  been  engaged  with  its  forward  end  in  the  tray  latch 
catch  holding  the  tray  firmly  up  against  the  end  of 
the  gun,  is  being  tripped  by  the  rear  end  of  the  block, 
thus  releasing  the  tray  from  the  gun,  and  by  the 
continued  motion  of  the  rotating  crank,  the  combined 
breechblock  and  tray  are  swung  around  the  hinge 
]^in  over  an  arc  of  123,  leaving  the  breech  of  the  gun 
fully  t)pen  for  loading.  In  closing  the  mechanism 
by  rotating  the  crank  in  the  opposite  direction,  the 
difieient  motions  of  the  block  will  take  place  in  the 
reverse  order  of  those  described  for  the  opening  of 
the  mechanism. 

Comparisons   will    naturally    be  interesting  between 
the  new  American  weapon  and  other  luige  guns. 

The  following  table   has  been  drawn   up  by  Major 
].  IVI.  ingalls,  United  States  Army  : — 
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Type  of  Gun. 

Bore  in 
inches. 

Total  length 
in  feet. 

Weight  in 
tons. 

Weight  of       Weight  of 

proiectile  in      powder  in 

pounds.      1      pounds. 

Muzzle             .,       1 
Kind  of           velocity  in        ,^l"f '" , 

Muzzle  1 
energy  in  j 
foot-tons  per 
ton  weight 

of  gun. 

Armstrong   ... 
U.S.  Army   ... 
Knipp 

16-25 

16 

12 

43*5 

vri 
50 

I  10-5 
130 

I  ,Soo              960      < 
2,400                 640       < 

*77i-6          344      ■ 

Slow           i                   i 
burning        .     2,0X7          54,39o 
cocoa 

Nitro-         1 
cellulose            .^,336         <SiS,ooo 
smcikelcss      ; 

Xitro-         1 
cellulose       ,•  *3,330     j     51^,280 
smokeless     ) 

49-' 
677 

I,02g 

*  In  this  comparison  it  must  be  remembered  that  the  velocity  falls  oft'  much  more  rapidly  in  the  lighter 
shell:  so  that  the  "  remaining  velocities  "  will  be  proportionately  greater  in  the  2, 400-lb.  projectile  than  in 
the  case  of  the  other  two. 

The    heaviest    guns    at  present  in    use    in    the    I'nited  ships    Bcnboic    and    Siiin    Ptircil.       Not    one    of    these 

States  .A.rmy  weigh   about  64  tons.     The   United  States  compares,    in    point    of    energy    and    range,    with    the 

Ordnance    Board    is  contemplating  a    muzzle    velocity  lO-in.  United  States  gun. 
of  3,600  ft.  per  second  in  tb.e  new  12-in.  guns.  The    range    and    energy   of    this    lalkr    gun    will,    ot 

Other    rifled    guns    of     large   calibre    heretofore    con-  course,    vary    with    the    quality  and   amount   of    po.vder 

structed    are  the    Italian    gun,  calibre  of     17  75  in.,  the  used,    and    the     question    of    the     actual    performance 

P'rench    gun    of     iO-5-in.    calibre,    and    the      .\rmstrong  of  the  gun   can   therefore  only  be  determined    by  actual 

gun  of   i6-25-in.  calibre,  which   is  carried  on   the  battle-  tri.d    tests.       With    smokeless    powder    as     at     present 
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proposed,  the  gun  requires  a  powder  charge  of  576  lb. 
but  if  the  old  black  powder  is  used  1,176  lb.  will 
be  required.  With  a  maximum  powder  pressure  of 
between  37,000  lb.  and  38,000  lb.  to  the  square  inch, 
it  is  estimated  that  the  gun  will  throw  a  projectile 
weighing  2,370  lb.  with  a  muzzle  velocity  of  2,300  ft. 
per  second,  developing  a  muzzle  energy  of  88,000 
foot-tolls ;  but  it  is  not  improbable  that  by  using 
a  slower-burning  powder,  giving  a  less  maximum 
pressure  (these  being  the  qualities  constantly  sought 
for  in  the  manufacture  of  smokeless  powders)  the 
gun  would  develop  even  greater  velocity  and  energy 
than  this,  with  a  relatively  small  increase  in  the  chamber 
pressure.  Even  on  the  basis  given  above,  however, 
this  gun  shows  an  enormous  superiority  to  any  of 
the  large  guns  above  mentioned.  The  Italian  gun, 
for  instance,  throws  a  projectile  weighing  2,000  lb. 
with  a  muzzle  velocity  of  1,700  ft.  per  second  and 
an  energy  of  only  40,000  foot-tons,  an  energy  con- 
siderably less  than  one  half  that  of  the  new  army  gun  ; 
the  French  gun  projectile,  weighing  1,700  lb.  with 
a  muzzle  velocity  of  1,700  ft.  per  second,  developed 
a  maximum  energy  of  36,000  foot-tons  ;  while  the 
English    gun    projectile,    weighing    1,800    11>.,    with  a 


muzzle  velocity  of  2,100  ft.  per  second,  showed  a 
total  energy  of  51,000  foot-tons.  The  maximum 
energy  of  the  Italian  gun  was  thus  45  per  cent.,  the 
French  gun  41  per  cent.,  and  the  English  gun  65  per 
cent,  that  of  the  Watervliet  Arsenal  gun.  The  pro- 
jectile of  the  gun  will  be  5  ft.  4  in.  in  length,  and^the 
penetration  in  steel  at  the  muzzle  coirespondiug  to 
the  energy  given  above  is  (De  Marre's  foimula  normal 
impact)  42-3  in. 

Undoubtedly,  the  most  spectacular  teatuie  in 
connection  with  this  gun  is  its  enormous  lange,  which 
is  estimated  at  about  21  miles,  or,  to  be  exact.  20-97S 
miles.  This  theoretical  range  has  been  calculated 
by  Major  James  M.  Ingalls,  5th  United  States  Artillery, 
for  many  years  instructor  at  the  Artillery  School  for 
officers  at  Fort  Monroe,  Va.  A  firing  table  for  this 
gun  prepared  by  Major  Ingalls,  shows  that  the  above 
range  is  obtainable  with  a  muzzle  velocity  of  2,300  ft. 
per  second,  with  the  necessary  angle  of  elevation 
of  the  piece.  The  trajectory  of  the  projectile  shows 
that  in  ranging  to  20-978  miles  the  shell  would  reach 
the  maximum  elevation  of  30,516  ft.  This  is  enor 
moiisly  greater  than  the  maximum  range  hitherto 
obtained  by  any  other  yun. 


THE  SUMMER  MEETING  OF  THE  INSTITUTION  OF 
MECHANICAL  ENGINEERS  AT  LEEDS. 


tP  N  ai)]'>ro|M-iate  venue  tor  the 
il  summer  meetinjj,  of  the 
Institution  oi  Mechanieal 
Engineers  was  found  this 
year  at  Leeds,  the  Presi- 
dent. Mr.  J.  Hartley  \Virk- 
steed.  being  a  well-known 
resident  of  that  citv.  while  no  less  than  three 
of  the  papers  read  were  contributed  by  Leeds 
men.  The  meetings  were  held  in  the  lecture 
hall  of  the  Philosophical  and  Literar\-  Society 
at  Park  Row.  and  were  well  attended. 

At  the  reception  of  the  President,  Council 
and  Members  of  the  Institution  by  the  Right 
Hon.  the  Lord  Ma>or  of  Leeds  (Mr.  John  Ward, 
J. P.)  and  by  the  Reception  Committee,  Mr. 
Wicksteed  was  accompanied  on  the  ])latform 
by  Sir  James  Kitson.  Bart..  M.P.  (Chairman 
of  the  Reception  Committee):  Sir  Edward  H. 
Carbutt.  London  :  Mr.  Wm.  H.  Maw.  London  : 
and  Mr.  E.  Windsor  Richards.  Caerleon,  ]>ast 
presidents  of  the  Institution  :  ]Mr.  J.  A.  F. 
Aspinall,  .Manchester  :  Mr.  Artliur  Keen,  liir- 
mingham  :  Mr.  E.  P.  INlartin,  Dowlais  :  and 
Mr.  A.  Tannett-Walker.  Leeds,  vice-presidents  ; 
Mr.  T^lichacl  Longridge,  ALuichester  :  Mr.  J.  F. 
Robmson.  (dasgow  :  Mr.  Mark  H.  Robinson. 
Rugby:  Mr.  J.  \\'.  Sjiencer,  Newcastle-on- 
Tyne  :  and  Mr.  H.  W.  \\  est.  Liver], ool.  nvmbiTs 
of  the  CouncU. 

OFFXIAL     WELCOME, 

The  Lord  Max'or.  welcoming  tlir  Institution  to 
Leeds,  recognised  tliat  theirs  was  an  imi;ortaiit 
body,  comi)risingnearl\- 4.000  Inember^^.  nian\(.l 
whom  were  widely  scattered  about  the  world. 
They  had,  too.  a  long  list  of  illustrious  i)ast- 
presidents.  and  he  noticed  that  the  lirst 
president    l)ore  the  honoured   name  ot    (u'orge 


Ste]~)henson.  He  remarked  that  Leeds  had 
been  l)uilt  ui)on  the  principle  of  utility  rather 
than  grandeur,  Init  Sjiecially  mentioned  as 
worthy  of  notice  their  electric  lighting  installa- 
tion and  the  electric  tramways. 

ENGINEERING     REMINISCENCES     OF     LEEDS. 

The  President,  in  the  course  of  a  short  speech, 
thanked  the  Lord  Mayor  for  his  cordial  welcome. 
After  a  passing  reference  to  the  flourishing 
condition  of  the  Engineering  Department  of 
the  Yorkshire  College,  the  opening  of  which 
was  celebrated  by  a  s])ecial  autumn  meeting 
of  the  Institution  in  188O,  he  reminded  them 
that  in  Leeds,  in  181 2.  the  first  locomotive 
that  was  jnit  on  rails  and  made  to  draw  a 
mineral  train,  was  ])ut  down  to  carry  coal  from 
the  Middleton  Collier\-  to  Hunslet.  This  loco- 
motive was  lunlt  by  that  eccentric  engineer 
of  great  genius,  Matthew  Murray,  who  built  his 
works  in  Leeds  after  the  model  of  a  cyclopean 
steam  c>-linder.  The  doors  were  like  the  parts 
of  a  steam  c\linder.  the  floor  was  like  the  piston, 
and  the  pillar  su])porting  the  roo!  was  like  a 
i)istoii-rod.  while  the  workmen  went  in  and  out 
like  i^eces  of  steam.  As  his  work  increased, 
Messrs.  F)olton  and  Watt  became  so  jealous  that 
lhe\-  bought  up  all  the  surrounding  land  to 
i>i-e\-eiit  him  e.xtendmg  his  })reinises.  Tlie  rails 
lor  that  train  were  made  in  Leeds,  and  were 
three  feet  long-     Since  then  rails  had  grown  from 

\  ft.  to  V  If--  ''i'*^  ^'"-'"  ^"  ^'*'  '^•-  ^^li'l*^'  i"'"^^'-  ^^ 
was  to  the  honour  ot  Leeds,  that  thev  had 
(  onimeiKKl  to  ))ul  down  r;iils  of  an  indefinit*' 
length.  11  the\'  liad  a  road  six  miles  long,  the 
rails  would  be  mad^  six  miles  long  ;  and  it  was 
niteresting  to  notice  that  this  wa^'  the  first 
introduction  into  England  ot  the  continuous 
weidiuL!,  ot  the  i'ails. 
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The  President  also  alluded  to  another  in- 
teresting engineering  reminiscence  connected 
with  the  city,  and  remarked  that  it  was  Mr. 
Blenkinsop  who  first  tried  to  apply  a  brake  to  a 
road  locomotive  to  prevent  it  running  away. 
Unfortunately,  the  locomotive  never  started,  so 
the  brake  was  not  tested  ;  but  it  was  an  in- 
teresting coincidence  that  one  of  the  papers  to 
be  read  at  this  meeting  was  on  the  subject  of  a 
brake  for  a  road  locomotive.  This  time  it  was 
to  prevent  the  locomotive  from  running  back- 
wards. It  was  often  said  that  there  were  no 
mysteries  in  mechanics  ;  but  it  was  very  re- 
markable that  after  over  one  hundred  years  this 
subject  of  a  brake  should  still  be  engaging  the 
attention  of  engineers. 

NEW     MEMBERS. 

The  Lord  Mayor  having  withdrawn,  the  busi- 
ness of  the  Conference  commenced  with  the 
reading  of  the  names  of  134  new  members,  by 
the   Secretary    (Mr.    Edgar   Worthington). 

THE     DIESEL     ENGINE. 

The  first  paper  was  read  by  Mr.  H.  Ade 
Clark,  of  Yorkshire  College,  on  the  Diesel 
Engine.  The  principles  underh'ing  the  action 
of  the  engine  were  first  stated,  together  with  a 
general  description  of  its  parts. 

Until  April,  1902,  all  published  trials  of  Diesel 
engines  were  either  of  Continental  or  American  origin- 
So  the  author,  upon  learning  that  the  Harrogate 
Corporation  were  putting  in  a  Diesel  engine,  at  once 
applied  to  the  Borough  Engineer,  to  be  allowed  to  test 
it  ;  this  permission  was  most  courteousl}^  granted, 
and  the  author,  assisted  by  Mr.  R.  Dudley,  proceeded 
on  April  9th,  1902,  to  test  the  engine  on  the  brake. 
The  oil  used  was  a  crude  petroleum  from  Texas,  having 
a  specific  gravity  of  0-922  and  a  calorific  value  of 
19,150  B.Th.U.  per  lb.  The  result  of  the  test,  less 
than  half  a  pound  of  this  oil  per  b.h.p.  hour,  was  very 
gratifying  to  the  author,  after  usually  getting  nearly 
twice  this  consumption  from  the  ordmary  type  of  oil 
engine.  Various  other  tests  were  also  described, 
the  final  result  being  as  follows  : — 


Total  cost  per  b.h.p.  hour. 

Engines. 

Diesel. 

Gas. 

Penny. 
0-69 

0-52 

0-40 

Steam. 

35  B.H.P. 
'    SoB.HP. 

160  B.H.P 

- 

Ptnny. 

0-59 
0-39 
0-32 

Penny. 
0-89 

063 

0-49 

— a   result   which   is    much   in   favour   of   the   Diesel 
engine. 

In  the  course  of  the  discussion  Mr.  E^  R.  Dolby 
(London)  remarked  that  the  cost  of  the  oil  given  in 
the  paper  applied  to  the  oil  "  naked  "  upon  the  wharf 
in  London  ;  but  he  found  that  this  price  was  about 
doubled  when  the  oil  was  delivered  twelve  miles  away, 
as  it  must  be  put  into  barrels  or  a  special  tank  wagon 
must  be  used. 

Mr.  George  Wilkinson  (Harrogate)  expressed  the 
opinion  that  in  the  near  future  there  would  be  a  con- 
siderable development  in  the  application  of  internal 
combustion  engines  for  electric  and  other  purposes. 
He  regretted  that  they  had  to  purchase  these  engines 
abroad,  and  that  there  was  not  a  firm  in  England 
sufficiently  enterprising  to  take  up  their  manufacture. 

Mr.  M.  Longridge  thought  that  experiments  should 
be  made  to  get  rid  of  the  water  jacket,  using  instead  an 
excess  of  air  to  keep  down  the  temperature.  The 
Diesel  engine  presented  enormous  advantages  in 
some  cases. 

Professor  Lupton  (Leeds)  remarked  that,  however 
excellent  the  Diesel  engine  might  be,  it  could  never  be 
really  used  as  a  substitute  for  the  steam  engine.  The 
real  interest  in  this  engine  was  in  regard  to  slow  com- 
bustion as  a  gas  engine. 

Professor  Goodman  claimed  for  the  Diesel  engine 
that  it  was  a  triumph  of  scientific  reasoning.  It 
was  the  result  of  the  application  of  theory  to  practice, 
and  could  not  have  been  designed  by  anj^one  whr 
had  not  an  adequate  scientific  education.  The  economy 
of  the  engine  was  due  to  the  very  high  compression 
and  the  more  complete  combustion  that  took  place. 
He  wished  English  engineers  could  do  a  little  more 
than  they  did  in  careful  trials  of  oil  engines.  Why 
should  England  be  behind  ?  If  Germany  could 
produce  an  engine,  surely  they  could  do  it. 

In  the  course  of  further  discussion  as  to  the  cost  of 
running  these  engines,  etc.,  by  Messrs.  M.  H.  Robinson 
(Rugby),  A.  Saxon  (Manchester),  Lawson  (Harrogate), 
F.  H.  Livens  (Lincoln),  and  C.  Day  (Glasgow),  mem- 
bers were  reminded  by  the  latter  that  the  Diesel  engine 
had  been  made  both  in  England  and  in  Scotland  during 
its  earlier  stage  of  development,  and  that  a  Scotch  firnj 
had  recently  undertaken  its  manufacture. 

HIGH-SPEED     TOOL     STEELS. 

Mr.  Henry  H.  Suplee,  of  New  York,  supplied  a 
number  of  notes  representing  officially  verified 
data  as  to  the  use  of  high-speed  tool  steels  in  the 
works  of  the  Union  Pacific  Railroad,  at  Omaha. 
Nebraska. 

These  steels  are  similar  in  constitution  to  the  Musliet 
air-hardening  steel,  the  principal  difiference  being  that 
a  much  higher  temperature  is  used  in  the  tempering 
process. 

The  steels  contain  both  chromium  and  tungsten 
in  varying  proportions  as  well  as  inolybtlenum.  The 
method  of  treatment  consists  in  heating  the  tool  up  to 
about  2,000  deg.  F.,  then  cooling  rapidly  down  to  about 
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T,700  (leg.  F.  in  a  lead  bath,  and  then  slowly  m  air  or 
lime. 

These  steels,  of  which  the  Taylor-White  is  the  best 
known  and  earliest  example,  are  able  to  maintain  a 
cutting  edge  even  when  operated  at  speeds  producing 
a  red  heat,  and  in  fact  unless  such  speeds  and  tem- 
peratures are  maintained  they  do  not  give  satisfactory 
results.  These  tools  should  be  used  only  for  roughing 
purposes,  and  the  great  economy  resulting  from  their 
use  appears  when  it  is  found  that  the  forgings  can  be 
made  with  less  care  as  to  size,  the  roughing  down  to 
finishing  dimension  being  made  more  rapidly  and 
economically  in  the  machining  processes  than  in 
forging. 

Samples  of  chips  were  shown  which  were  turned  from 
car-wheel  tyres  at  lineal  speeds  of  5  ft.  to  8  ft  per  minute, 
the  weight  of  metal  removed  being  about  8  lb.  per 
hour  ;  this  was  with  ordinary  tool  steel.  A  spiral 
turning,  from  a  locomotive  tyre,  was  made  with  high- 
speed steel  at  a  speed  of  24  ft.  per  minute,  removing 
100  lb.  to  120  lb.  per  hour  ;  while  a  heavy  chip  was  taken 
at  18  ft.  per  minute,  removing  450  lb.  per  hour.  This 
latter  cut  was  too  heavy  for  the  powering  of  the  lathe, 
however,  and  the  rate  could  be  maintained  for  only  a 
short  time,  but  the  tool  showed  no  signs  of  distress. 

Further  interesting  data  from  the  Union  Pacific 
shops  was  given  in  a  number  of  tables. 

In  the  course  of  the  discussion  the  President  said 
he  felt  that  Mr.  Suplee  had  filled  a  distinct  gap  in 
bringing  this  subject  forward.  This  was  the  greatest 
revolution  that  had  happened  in  his  own  particular 
trade  and  time.  He  called  upon  Mr.  Josepl:  Barrow 
for  an  expression  of  opinion. 

Mr.  Barrow  said  he  was  called  upon  l)y  the  President 
to  bless,  Init  he  could  only  curse.  He  considered, 
however,  that  the  use  of  high-speed  cutting  was 
advantageous  where  the  speed  of  tools  could  be  satis- 
factorily increased  from,  say,  20  ft.  to  60  ft.  per  minute- 
Where  a  high  cut  had  to  be  taken  one  should  use  a  high 
speed,  but  where  a  heavy  cut  was  needed  the  slow 
speed  should  be  adopted. 

Further  expressions  of  opinion  were  given  by  Messrs. 
Christopher  James  (Leeds),  W.  Hartnell  (Leeds), 
R.  Allen  (Bedford),  and  others. 

The  author  of  the  paper  said  his  figures  were  not 
based  upon  special  tests,  as  some  of  the  members 
seemed  to  think,  but  were  results  obtained  in  ordinary 
every-day  work. 

The  discusir^ion  is  further  dealt  with  m  our 
notes  on  Workshop  Practice. 

NEW     FORM     OF     FRICTION     CLUTCH. 

At  the  second  and  closmg  sittuig  of  the 
Conference,  Professor  H.  S.  Hele-Shaw.  F.R.S.. 
described  his  new  form  of  friction  chitch  in  an 
illustrated  paper,  of  which  the  following  is  an 
abstract  : — 

The  friction  clutch  is  a  very  old  invention,  and  i.g 
probably  as  familiar  to  every  one  in  its  simplest  form 
as  any  other  machine  detail.     It  is,  however,  only  in 


Page's   Magazine. 

recent  vears  that  inventors  have — in  any  great  numbers 
— seriously  attempted  to  overcome  the  defects  of  the 
ordinary  cone  clutch,  and  their  attempts  have  been 
attended  with  such  success  as  to  lead  to  the  introduction 
of  a  very  large  number  of  clutches  of  moderate  power 
into  machinery. 

A  familiar  illustration  is  the  extensive  introduction  of 
friction  clutches  to  countershafts  in  place  of  the  ordi- 
nary fast  and  loose  pulley.  It  might  therefore  be 
thought  at  first  that,  in  such  an  apparently  simple 
matter,  there  was  very  little  more  to  be  said  and 
nothing  more  to  be  discovered.  The  importance  of 
the  friction  clutch,  however,  justifies  a  very  careful 
consideration  of  the  problem,  and  as  to  whether,  in 
view  of  the  modern  developments  of  motive  power, 
particularly  in  internal  combustion  engines  and  of 
high-speed  machinery  of  great  power,  there  are  not  yet 
improvements  possible  in  this  subject. 

Where  two  pieces  of  machinery,  not  having  the  same 
speed,  have  to  be  connected  with  each  other,  there 
would  be  a  shock  due  to  inertia,  unless  the  connection 
was  made  by  means  of  a  friction  clutch,  or  some  equiva- 
lent, such  as  a  slipping  belt,  allowing  the  two  pieces  of 
machinery  to  gradually  come  to  the  same  speed.  This 
gradual  eft'ect  is  therefore  the  primary  object  of  the 
friction  clutch,  and  how  important  this  object  is  will  be 
realised  when  it  is  remembered  that  it  is  impracticable  to 
start  any  machine  instantaneously,  for  the  magnitude  of 
the  stresses  and  strain  caused  when  a  machine  is  set  in 
motion  by  another,  increases  with  the  suddenness  of  the 
operation,  and  all  appreciable  shock  can  be  obviated  by 
allowing  the  action  to  take  place  gradually. 

Stated  briefly,  the  four  conditions  which  seem  to  be 
involved  in  the  problem  of  the  friction  clutch  are  : — 

(i)  It  must  have  sufficient  gripping  power. 

(2)  Undue  wearing  of  the  surfaces  must  be  avoided. 

(3)  Provision  must  be  made  for  conveying  away  the 
heat  where  there  is  much  slipping  contact  111  the 
clutch. 

(4)  Motion  should  be  imparted  to  the  driven  shaft 
without  shock. 

We  are  thus  met  at  the  outset  with  the  contradictory 
conditions  which  have  made  the  problem  of  the  friction 
clutch  such  a  difficult  one.  The  author  does  not 
remember  seeing  in  anyprevious  writings  on  the  subject, 
or  in  the  statement  of  inventors  themselves,  the  im- 
portant fact  mentioned  in  condition  (3),  but  it  certainly 
does  account  for  the  large  number  of  instances  in 
which  friction  clutches  have  failed  to  give  satisfactory 
results  for  anything  but  the  smallest  powers. 

Having  classified  the  various  clutches  in  use,  Pro- 
fessor Hele-Shaw  observed  that  the  inventions  in 
connection  with  modifications  of  these  clutches  related 
principally  to  the  mode  of  obtaining  the  requisite 
pressure  between  the  friction  surfaces.  It  might,  he 
considered,  be  safely  said  that  not  one  of  the  clutches 
mentioned  had  yet  been  designed  so  as  to  be  capable 
of  slipping  for  more  than  a  very  short  time  without 
beino  seriously  injured,  even  if  the  surfaces  in  contact 
were  not  actually  destroyed. 

There  were  plenty  of  illustrations  in  mechanical 
science    where    it    had    hitherto    been    impossible    to 
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reconcile  conflicting  conditions,  and  it  was  an  impor- 
tant question  whether  the  present  case  formed  another 
example  or  not. 

Proceeding  to  describe  the  new  clutch,  the 
author  continued  : — 

Suppose  a  sheet  of  metal  is  pressed  into  a  frustum, 
the  section  of  the  corrugation  being  the  frustum 
of  a  cone,  and  that  the  disc  is  placed  upon  another  one 
similarly  corrugated.  It  will  be  observed  that  not 
only  do  portions  of  the  frusts,  not  make  contact  with 
each  other,  but  there  is  also  a  space  left  between 
the  flat  portions  of  the  discs.  By  placing  these  discs 
together,  as  in  tig.  i,  and  turning  one  alternately  to 
the  other,  an  amount  of  friction  is  produced  which 
depends  on  the  acuteness  of  the  angle  of  the  frusta. 
If  a  number  of  these  plates  are  now  placed  in  a  box 
of  the  type  of  the  "  Weston  "  coupling,  so  that  the 
plates  alternately  engage  with  two  sleeves,  one  con- 
nected with  the  driver  and  the  other  with  the  follower, 
as  in  fig.  2,  it  will  be  found,  first,  there  is  very  con- 
siderable gripping  power  ;  second,  there  is  a  tendency 
to  -part  rapidly  with  heat,  owing  to  the  separation 
of  the  discs  of  metal. 

Dealing  with  the  results  of  experiments  made  with 
corrugated  plates  of  different  angles,  he  said  the  con- 
clusion arrived  at  as  to  the  effect  was  that  it  was  due 
in  part  at  any  rate,  to  the  necessary  deviation  from 
the  truly  circular  form  of  the  corrugations  in  the 
plates. 

Efficient  lubrication  of  the  surfaces  in  contact  is  ensured 
by  drilling  a  few  large  holes  in  the  faces  of  the  corru- 
gations. 

Two  views  of  a  standard  type  of  clutch  for  shafts  up  to 
2  in,  diameter  are  shown  in  fig.  3. 

The  shaft  is  divided  at  A,  the  outside  case,  B,  being 
keyed  to  the  left-hand  piece  of  shafting,  and  driving  the 
set  of  plates  having  external  driving  teeth.  The  core,  C, 
keyed  to  the  right-hand  shaft  driving  the  plates  with 
internal  driving  teeth.  Pressure  is  applied  to  the  plates  as 
follows  :  The  sliding  sleeve,  D,  containing  a  coil  spring, 
is  fitted  with  pins  which  project  through  the  outside  case 
of  the  clutch  ;  these  pins  press  against  a  flat  disc,  whicli 
in  turn  presses  against  the  plates  causing  the  clutch  to 
drive. 

When  the  operating  lever  is  worked  so  as  to  release 
the  plates,  the  ring,  E,  encircling  the  sleeve  withdraws  the 
trigger  pins  from  the  holes  into  which  they  fit  ;  the 
spring  pressing  on  the  opposite  end  of  the  trigger  pin 
causes  the  trigger  to  fly  up  and  the  clutch  is  thereby  kept 
out  of  operation. 

By  moving  the  lever  so  as  to  force  the  ring,  E,  against 
the  trigger,  the  pin  end  falls  into  the  hole  opposite  to  it, 
and  the  coil  spring  is  then  allowed  to  transmit  its  pressure 
to  the  plates. 


Figs.  4  and  5  show  the  design  of  an  cpicyclic  rever- 
sing gear  for  a  steam  turbine  of  1,000  h.p.,  the 
number  of  revolutions  per  minute  being  700  to  800.  The 
action  of  this  type  of  reversing  gear  may  be  made  as 
quick  or  slow  as  desired,  but  with  the  fairly  heavy  fly- 
wheel attached  to  the  gear  shown,  it  has  been  found 
possible  to  change  from  full  speed  in  one  direction  to  full 
speed  inth2  opposite  direction  in  five  seconds. 

It  was  mentioned  that  the  apphcation  which 
led  to  the  invention  of  the  new  clutch  was  in 
connection  with  the  motor-car,  for  which 
purpose  it  is  most  difficult  to  secure  a  satis- 
factory clutch. 

The  paper  was  followed  by  a  practical  de- 
monstration of  the  working  of  the  new  clutch. 
The  Leeds  Corporation  had  lent  one  of  their 
motors  for  the  purpose  of  supplying  the 
gearing  with  motive  power. 

Professor  Arnold  Lupton  (Leeds)  remarked  that  the 
friction  clutch  described  by  Professor  Hele-Shaw 
seemed  to  be  what  the  mining  world  was  wanting.  In 
driving  and  hauling  in  mines,  clutches  were  of  course 
universal,  or  nearly  so,  but  the  beauty  of  the  clutch 
referred  to  was  that  it  would  enable  engineers  to  vary 
the  speed  of  ropes  on  difficult  turns  of  underground  road 
— reducing  or  increasing  it — without  altering  the  speed 
of  the  electric  motor  itself.  He  believed  the  new 
development  would  prove  of  great  advantage  to  those 
who  were  connected  with  mines.  "  I  must,"  said  Pro- 
fessor Lupton,  "  congratulate  Professor  Hele-Shaw  on 
the  work  he  has  done,  and  hope  we  shall  hear  more 
of  it  in  future." 

In  the  course  of  further  discussion  Mr.  Barnes, 
of  Liverpool,  said  the  new  clutch  was  one  which 
was  bound  to  have  a  great  effect  upon  every 
branch  of  engineering  in  which  they  were  used, 
and  it  was  hard  to  say  to  which  branch  they 
did  not  apply. 


Driver 


,  DriVCTi 


l-'IC.    2.      ONDINAUY   AKRAXGHMI'Xr   OK   CORRUGAITIJ 
I'LATKS. 


16    .\ 


244 


Page's  Magazine. 


FIG.    3.      TYPE    OF    OI'KX    CLUTCH    WITH    AIR    COOLING, 
FOR    HOLDIXG    OFF    PRESSURE. 

ECONOMY     OF      FUEL      IN      ELECTRIC     GENERATING 
STATIONS. 

An  instructive  paper  on  the  above  subject  was 
contributed  by  Mr.  Henry  McLaren,  of  Leeds. 

The  first  point  that  attracts  attention  is  the  great 
difference  in  cost  per  unit  generated  in  these  stations. 
They  are  located  in  various  parts  of  the  country  ; 
some  are  condensing,  others  partly  condensing,  or 
non-condensing  stations,  the  price  paid  for  coal  varies 
largely,  and  different  systems  of  supply  are  used.  All 
these  considerations  affect  the  costs. 

Engineers  would  naturally  expect  that  condensing 
stations  would  show  a  better  fuel  economy  than  non- 
condensing,  both  for  tram  and  lighting  purposes, 
but  so  far  as  lighting  only  is  concerned,  it  is  just  the 
reverse;  the  average,  both  in  fuel  and  works  costs, 
is  considerably  in  favour  of  non-condensing  stations. 
Where  trams  are  added  to  lighting,  the  condensing 
plants  show  a  better  economy  than  non-condensing, 
but  in  all  cases  the  partly  condensing  station  is  the 
most  economical  both  in  fuel  and  works  costs. 

Comparing  twenty-two  metropolitan  Ughting  stations 
it      is     shown      that      the      non-condensing      stations 
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produce  current  at  18  per 
cent.,  and  the  partly  con- 
densing at  21  per  cent,  less 
cost  than  the  condensing 
stations.  For  fuel  only,  the 
saving  in  favour  of  non- 
condensing  and  partly  con- 
densing plants  is  about  14 
per  cent,  and  17  per  cent, 
respectively. 

Considering       116       small 
provincial    lighting   stations, 
having     the     advantage     of 
cheaper    coal  and   labour  as 
compared    with     the    Metro- 
politan stations,  the  average 
cost  of  producing    current   is    18  per    cent.  less.     Here 
again    the     non-condensing     and    partly    condensing 
stations  are  more  economical  than  the  condensing. 

In  thirty-two  provincial  stations  supplying  current 
both  for  lighting  and  tramways,  however,  the  con- 
densing plants  are  found  to  be  more  economical 
than  the  non-condensing  by  about  9  per  cent,  in  works' 
cost  and  19  per  cent,  in  coal,  but  the  partly  condensing 
stations  are  still  better  than  the  condensing,  showing 
an  economy  of  23  per  cent,  in  works'  cost  and  nearly 
4  per  cent,  in  fuel. 

It  is  surprising  to  find  that  at  least  two  of  the 
lighting  stations,  Leeds  and  Edinburgh,  deliver 
current  at  the  consumers'  meters  at  9  per  cent,  lower 
average  cost  than  the  four  power  stations  of  Blackpool 
and  Fleetwood,  Dublin,  Glasgow,  and  Hull  average 
at  their  switchboards.  Glasgow,  the  most  economical 
of  the  four  power  houses,  with  an  annual  output  of 
10,000,000  units  and  a  tramway  load  factor,  delivers 
current  at  the  switchboard  at  a  cost  of  o-6d,  per  unit 
works'  costs,  whereas  Leeds  lighting  stations,  with 
only  3,000,000  units  output  and  a  lighting  load  factor 
shows  a  works'  costs  of  o-62d.  per  unit,  including  the 
heavy  loss  in  the  mains. 
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METRQPOUITAN     LOSSES. 

It  would  appear  that  the  Metropolitan  condensing 
stations,  after  allowing  30  per  cent,  for  outside  losses 
and  banking  fires,  etc.,  were  using  at  least  twice  the 
amount  of  fuel  that  economical  plants  ought  to  require- 
They  generated  during  the  year  over  41,000,000  units, 
at  a  cost  for  fuel  of  over  ;^2oo,ooo.  A  very  large  per- 
centage of  this  amount  could  have  been  saved  by  the  use 
of  well-managed,  economical  generating  plant.  It 
must  be  remembered,  however,  that  the  most  of  these 
stations  were  pioneers  in  the  electric  lighting  industry 
of  this  country.  Each  extension  was  in  a  measure  a 
large  experiment,  and  they  have  had  to  contend 
with  difficulties   too  numerous  to  mention. 

Taking  the  average  station  throughout  the  country, 
there  is  great  room  for  improvement ;  on  the  other 
hand,  one  finds  a  few  stations  that  leave  nothing  to  be 
desired  ;  some  remarkably  economical  results  are 
recorded  even  in  small  provincial  stations. 

PARTLY     CONDENSING     STATIONS. 

It  is  rather  remarkable  that  the  partly-condensing 
stations  show  the  best  average  economy.  Partly 
condensing  is  a  very  vague  term  ;  it  may  mean  one 
engine  in  ten  is  non-condensing,  or  vice  versa..  No 
doubt,  most  of  them  might  be  classed  as  condensing 
stations.  Without  more  exact  data  it  is  impossible 
to  come  to  any  definite  conclusion  as  to  the  reason  for 
this  good  average  economy. 

The  statistical  tables  produced  show  that  in 
lighting  stations  the  non-condensing  engines  beat  the 
condensing  by  13  per  cent,  in  fuel  economy;  this 
is  the  average  over  the  whole  country,  13  -H  25  =  38 
per  cent,  to  be  accounted  for  to  bring  matters  as  they 
ought  to  be.  Uneconcmical,  three-crank  compound, 
tandem,  condensing  engines,  largely  used  in  lighting 
stations,  no  doubt  account  for  some  of  this,  and,  as 
already  shown,  separate  condensing  plants  are  also 
steam  wasters. 

CAUSE     OF     STEAM     LOSSES. 

The  steam  losses  in  electric  generating  engines  are 
mostly  due  to  valve  or  piston  leakage  ;  mainly  the 
former.     This  applies   more   especially   to   condensing 


stations  using  engines  fitted  with  piston  valves  ; 
unless  these  are  very  carefully  looked  after,  heavy 
leakage  is  likely  to  occur,  the  steam  passing  direct  to 
the  condenser.  In  non-condensing  engines  the  exhaust 
pipe  usually  gives  warning  of  leaky  valves.  Many 
station  engineers  do  not  appear  to  realise  how  serious 
this  loss  may  be,  and  allow  their  piston-valves  to  run 
in  a  very  leaky  condition.  Others  give  this  matter 
most  careful  attention,  and  are  well  rewarded  for  their 
trouble  ;  in  fact,  some  of  the  most  economical  non- 
condensing  stations  are  fitted  throughout  with  piston- 
valve  engines,  carefully  looked  after  and  kept  steam- 
tight.  Balanced  slide-valves,  and  valves  of  the  Corliss 
type,  having  some  pressure  on  the  back  to  keep  them 
up  to  the  port  faces,  require  much  less  attention,  and 
will  run  for  many  years  practically  steam-tight. 

Two  recent  tests  of  condensing  engines  (in  different 
stations)  fitted  with  piston-valves,  disclosed  the  fact 
that  they  required  over  45  lb.  and  50  lb.  of  steam 
per  kilowatt-hour  respectively.  When  previously 
tested  the  consumption  was  about  30  lb.  per  kilowatt 
in  each  case.  Outwardly  they  appeared  to  be  running 
as  well  as  ever. 

Coal  to  the  value  of  £?>Z9,6iZ  was  used  in  the  177 
stations  given  in  the  tables,  during  the  year  under 
review.  It  is  safe  to  assume  that  ;^  100,000  was  lost 
in  engine  leakages  alone.  There  is  no  doubt  it  would 
pay  to  employ  an  engineer  in  each  of  the  larger  stations 
to  do  nothing  else  but  make  tests  and  report  on  fuel 
losses  with  a  view  to  their  remedy. 

BOILER     HOUSE     PLANT. 

There  are  great  differences  in  the  qualities  of  steam 
generated  by  boilers.  Engine-builders  find  much  less 
difficulty  in  getting  their  guarantee  figures  from  the 
honest  steam  of  the  Lancashire  or  other  cylindrical 
boiler  than  they  do  from  the  high-pressure  "  Scotch 
mist  "  given  off  by  the  now  fashionable  box  of  water 
pipes.  In  lighting  stations  there  are  great  fluctuations 
in  the  demand  for  steam.  Only  those  who  really 
understand  the  "  art  "  of  firing,  can  appreciate  the 
difficulty  of  working  mechanical  stokers  with  economy 
under  such  conditionsa  Extra  grate  area  may  be  the 
salvation  of  the  "  tyro  "  at  the  higher  loads,  but  with 
such  men,  it  is  fatal  to  economy  at  the  lighter  loads, 
especially  when  steam-jets  to  force  the  draught  are 
used. 

An  efficient  method  of  forced  draught  is  a  decided 
advantage  in  lighting  stations,  if  it  is  properly  used, 
for  it  enables  steam  to  be  maintained  over  the  peak 
of  the  load.; 

Superheating,  especially  when  piston-valve  engines 
are  used,  shows  a  good  steam  economy,  but  the  saving 
in  fuel  is  not  so  marked.  In  lighting  stations  its  proper 
regulation  is  rather  difficult.  The  extra  wear  and  tear 
on  the  main  engines,  and  on  the  superheaters  themselves, 
are  items  that  have  to  be  considered.- 

TENDENCY     TO     IMPROVEMENT. 

It  is  encouraging  to  note  trom  recently  puljlished 
returns  that  the  costs  in  various  stations  throughout 
the  country  show  a  decided  tendency  to  iinprovL-imnt* 
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This  is  parti}'  owing  to  cheaper  coal,  l)ut  there  is  also  a 
health)-  rivalry  between  station  engineers,  stimulated 
no  doubt,  by  the  Electrical  Times:,  publishing  their 
results.  This  should  in  time  bring  the  electric  gene- 
rating stations  into  the  front  rank  as  regards  economy 
of  fuel. 

The  discussion  was  contributed  to  by  Messrs- 
D.  Halpin  (London).  G.  Wilkinson  (Harrogate), 
C.  Forgan  (London),  J.  D.  Bailie  (Leeds). 
T.  L.  Miller  (Liverpool),  M.  Robinson  (Rugby). 
M.  Longridge  (Manchester),  and  A.  Saxon 
(Manchester),  Prof.  Lupton,  and  others. 

The  meeting  closed  with  the  usual  votes  of 
thanks. 

VISITS     TO     WORKS. 

An  excellent  programme  of  visits  to  the 
iron  and  other  works  for  which  Leeds  is  so 
justly  famous,  had  been  arranged,  and  the 
attendances  showed  that  these  outdoor 
functions  were  considered  by  no  means  the 
least  interesting  part  of  the  proceedings.       -..i 

A  large  share  of  attention  was  taken  up  by  the 
City  Electric  Lighting  and  Power  Station,  the  Refuse 
Destructor,  Corporation  Subway,  and  the  Yorkshire 
College.-  " 

Among  the  machines  finished  or  in  progress  at  the 
works  of  Messrs;  Joshua  Buckton  and  Co.  were  the 
following,  representing  recent  developments  : — 

Double-cutting  table  planing  machine  8  ft.  by  8  ft. 
by  24  ft.,  with  power  feed  and  tool-box  traversing 
motion  ;  standard  12-in.  lathe  for  high-speed  cutting  ; 
two-spindle  radial  drill  ;  locomotive  crank-axle  prolile 
slotting  machine  ;  four-spindle  rail  drilling  machine  ; 
vertical  and  horizontal  planer  with  fixed  table,  and 
moving  upright  ;  chain  and  anchor  testing  plant  ; 
300-ton  universal  testing  machine  ;  vertical  testing 
machines  ;    and  4^  in.  square  cold  billet  shears. 

At  the  Farnley  Iron  Works,  members  had  an 
opportunity  of  inspecting  the  special  process  of  manu- 
facturing the  "  best  Yorkshire  "  iron,  commencing  with 
the  use  of  cold-blast  furnaces  for  melting  the  ore. 

Another  interesting  process  to  be  seen  here  is  the 
manufacture  of  fireclay  goods.  The  fireclay  found 
under  the  neighbouring  hills  is  of  a  highly  refractory 
nature,  and  aftords  material  not  only  for  fire-bricks  and 
retorts,  buv  also  for  the]  well-known  glazed  bricks 
for  which  Leeds  has  gained  a  wide  reputations 

The  principal  work  in  progress  at  the  shops  of  Messrs. 
John  Fowler  and  Co.  was  the  manufacture  of  ploughing 
and  traction  engines,  steam  road-rollers,  large  winding 
engines  and  electrical  ]:)lant.  The-  numlier  of  men 
employed  is  about   1,500. 

The  works  of  Messrs.  Greenwood  and  Batley,  covering 
31,594  square  yards,  and  employing  some  2,000  men, 
offered  many  points  of  interest,  the  departments  being 
severally  devoted  to  special  and  general  machine  tool 


making,  oil  mill  and  general  millwright  work,  textile 
machinery,  electrical  plant,  turbines,  ordnance,  and 
sewing  machines. 

Members  visiting  the  Sun  Foundry  of  Messrs. 
Hathorn,  Davey  and  Co.  had  an  opportunity  of  seeing 
in  an  advanced  stage  of  construction  (besides  other  sets 
of  pumping  machinery  for  w'ater  works  and  mines), 
two  sets  of  vertical,  triple-expansion  pumping  engines 
for  the  British  Government,  and  the  Rosario  de  Santa 
Fe  Waterworks  respectively  ;  a  compound  engine, 
actuating  a  centrifugal  pump  with  horizontal  axis,  to 
raise  140  tons  of  water  per  minute  a  vertical  height  of 
13  ft.,  for  draining  the  Fen  district  ;  and  two  vertical 
engines  with  overhead  beams,  to  raise  water  out  of  a 
well  and  deliver  it  into  a  tank  100  ft.  above  ground 
level,  for  the  London  County  Council. 

Locomotive  building  as  well  as  general  engineering 
could  be  studied  in  the  works  of  Messrs.  Hudswell, 
Clarke  and  Co.,  which  are  lighted  and  driven  by 
electricity,  and  give  employment  to  400  or  500  hands. 

The  Hunslet  Engine  Company  were  found  to  be 
making  considerable  extensions  of  their  works,  the 
most  important  item  being  a  new  boiler  shop,  about 
200  ft.  long  by  53  ft.  wide,  which  will  be  equipped 
with  efficient  and  up-to-date  tools. 

Traction  engines  and  wagons,  steam  ploughing 
engines  and  electric  generating  engines  for  home  and 
abroad  were  seen  in  process  of  manufacture  at  the 
works  of  Messrs.  J.  and  H.  McLaren,  which  give 
employment  to  some  230  men.  The  largest  engine 
constructed  by  this  firm  was  supplied  to  the  Leeds 
Corporation  last  year  for  generating  electricity  at 
the  Whitehall  Road  Station.  It  is  a  high  speed 
enclosed  triple-expansion  engine  ot  3,000  i.h.p. 

One  of  the  most  instructive  visits  was  that  which  was 
paid  to  the  Leeds  Steel  Works  of  Messrs.  Walter  Scott, 
Ltd.  These  occupy  twenty-five  acres  in  one  of  the 
busiest  parts  of  Leeds,  and  employ  about  1,350  men. 
They  comprise  a  blast  furnace  plant,  basic  Bessemer 
steel  department,  rolling  mills,  girder  constructional 
and  tram-rail  finishing  yards  ;  also  a  basic  slag  artificial 
manure  plant. 

The  Leeds  Steel  Works  claim  to  be  the  largest 
makers  of  girder  tram-rails  in  Great  Britain.  Forty- 
four  different  sections  of  these  rails  have  been  rolled, 
varying  in  size  and  weight  from  5  in.  by  5  in.  at  65  lb. 
per  yard  to  7  in.  by  7-^  in.  at  108  lb.  per  yard.  Up- 
wards of  fifty  motors,  ranging  from  1-5  to  50  h.p.  each, 
have  been  supplied  by  Messrs.  Greenwood  and  Batley, 
of  Leeds.  These  are  of  enclosed  ventilated  direct- 
current  type.  The  whole  of  the  electrical  plant  is 
giving  satisfaction,  and  arrangements  are  being  made 
for  the  fixing  of  fifty  other  motors  in  place  of  small 
engines,  whereby  a  considerable  economy  in  fuel, 
greater  efficiency,  and  less  liability  to  stoppage  for 
repairs  will  be  realised.  New  repair  shops,  250  ft, 
long  by  38  ft.  broad,  have  been  erected  for  greater 
convenience  in  carrying  out  the  repairs  incidental 
to  the  iron  and  steel  works. 

Messrs.  E.  Green  and  Sou,  of  Wakefield,  invited 
the   members  to  view  their  economiser  w'orks,  which 
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have  been  entirely  re-organised  and  employ  about 
1,000  men.  Other  works  thrown  open  to  their  in- 
spection included  those  of  Messrs.  Clayton,  Son  and 
Co.,  Deigton's  Patent  Flue  and  Tube  Company, 
Messrs.  Graham,  Morton  and  Co.,  Joshua  Buckton  and 
Co.,  Kitson  and  Co.,  Tannett,  Walker  and  Co.,  and 
the  Frodingham  Iron  and  Steel  Works. 

For  the  above  visits  the  tramcars  were  freely 
placed  at  the  disposal  of  members  by  the 
Leeds  Corporation. 

The  second  day's  programme  included  a 
visit  to  the  Great  Northern  Railway's  Wagon 
Works  at  Doncaster,  which  was  largely  taken 
advantage  of.  and  on  the  concluding  day  excur- 
sions were  available  for  Ripon  and  Fountains 
Abbey  or  York. 

THE     ANNUAL     DINNER. 

At  the  annual  dinner  of  the  Institution  held 
at  the  Town  Hall,  the  President,  Mr.  J.  Hartley 
Wicksteed,  presided  over  a  large  and  influential 
gathering. 

The  usual  loyal  toasts  having  been  honoured  at  the 
conclusion  of  the  diimer.  Sir  E.  H.  Carbutt,  Bart., 
gave  "  The  Houses  of  Parliament,"  Mr.  R.  H.  Barran, 
M.P.,  responding. 

The  Lord  j\Iayor,  acknowledging  the  toast  ot 
"  The  City  and  Trade  of  Leeds,"  which  had  been 
proposed  by  Mr.  W.  H.  Maw,  observed  that  in  recent 
years  Leeds  had  made  phenomenal  progress.  At  the 
beginning  of  last  century  Leeds  had  a  population  of 
some  53,000,  but  to-day  it  inhabitants  numbered 
440,000,  and  its  increase  in  this  respect  had  during 
the  last  decade  been  greater  than  that  of  any  other 
city  in  England.  The  trades  of  Leeds,  being  nume- 
rous, contributed  to  its  progress.  Improvements 
in  the  city  continued  to  be  made.  Notwithstanding 
the  cry  that  the  rates  grew  higher,  Leeds  still  pro- 
gressed, and  he  believed  it  was  destined  to  occupy  a 
very  high  position  among  the  cities  of  the  kingdom. 

Mr.  E.  Windsor  Richards,  in  submitting  the  toast 
of  "  The  Reception  Committee  and  Our  Guests," 
said  he  thought  there  must  be  many  j-oung  engineers 
who  were  visiting  Leeds  for  the  first  time  under  the 
guidance  oi  the  Institution,  and  this  being  so  he  would 
like  to  point  out  that  they  were  in  the  home  of  the 
"Best  Yorkshire"  Iron,  a  manufacture  which  had  been 
in  this  district  for  more  than  a  hundred  years.  Not 
only  this,  but  they  were  in  the  home  of  the  largest 
and  best  engineering  works  in  the  country. 

Sir  James  Kitson  replying,  referred  to  the  "  un- 
productive expenditure  "  of  ;^25o,ooo,ooo  in  South 
Africa.  He  did  not  enter  into  the  question  of  whether 
it  was  a  necessary  or  an  unnecessarv  policy,  but  as  a 


commercial  man  he  wished  to  point  out  that  he 
believed  it  was  owing  to  the  fact  that  this  capital,  which 
would  ordinarily  have  been  used  in  the  development 
of  new  works  of  a  productive  character,  would  have 
given  that  employment  to  the  engineers  of  the  district 
which  is  now,  unhappily,  lacking.  He  ventured  to 
put  this  before  them  in  order  that  he  might  assert  that 
it  is  not  owing  to  the  lack  of  intelligence,  of  capacity, 
of  the  want  of  development  of  their  means  of  production 
that  there  was,  for  the  moment,  somewhat  of  a  decline 
in  the  production  of  the  mechanical  arts.  After  various 
reminiscences,  he  said  he  believed  there  were  brighter 
times  for  Leeds  and  the  West  Riding  than  he  had 
sketched  with  the  development  of  the  great  engineering 
school  in  the  Yorkshire  College.  Under  Professor 
Goodman  and  the  able  professors  who  preceded  him, 
the  school  had  done  a  great  work  and  was  assisting 
to  forward  Leeds  in  the  path  of  progress. 

Col.  F.  W.  Tannett- Walker  also  repUed.  Speaking 
of  the  training  of  young  engineers,  he  said,  that  if  they 
could  make  the  lads  understand  that  all  that  was 
asked  from  them  was  energy,  industry,  and  reasonable 
obedience,  and  an  absolute  determination  to  do  the 
job  given  them  by  the  man  in  command — if  they 
could  teach  them  that,  and  bring  them  up  as  mechanics 
fully  equipped,  they  would  have  something  better  than 
any  American  quick-speed  steel,  or  better  almost  than 
any  college  product. 

Mr.  A.  G.  Lupton,  in  giving  "  The  Institution  of 
Mechanical  Engineers,"  attributed  a  great  deal  of  the 
success  of  the  engineering  department  of  the  Yorkshire 
College  to  the  great  interest  which  had  been  taken  in 
it  by  the  Engineering  Committee.  He  considered  that 
an  institution  which  was  working  in  the  midst  of  the 
industries  which  it  served  was  worthy  of  the  support 
which  it  had  hitherto  received.  The  engineering 
department  of  the  College  was  crowded  with  students, 
and  with  the  university  charter  they  hoped  to  see  a 
very  large  development  in  electrical  and  other  engi- 
neering. 

The  President  acknowledged  the  toast,  inciden- 
tally remarking  that  the  importance  of  the  Institution 
was  reflected  in  its  membership.  During  the  evening 
popular  selections  of  music  were  rendered  by  the 
County  String  Band. 

RECEPTION. 

The  social  functions  connected  with  the  meeting 
also  included  a  well-attended  reception  in  the  Leeds 
Art  Gallery  by  invitation  of  the  Lord  Mayor  and  Lady 
Mayoress. 

THE    MEMBERS    PHOTOGRAPHED. 

On  the  first  day  of  the  meeting  the  members  were 
grouped  on  the  steps  of  the  Town  Hall  and  photograpiied. 
The  photograph  has  been  reproduced,  and  will  be  found 
on  pages  232-333. 
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CHARLES    R.    KING. 


The  author  writes  in  a  practical  manner  of  the  locomotive  works  at  Sotteville,  France, 
at  which  a  number  of  interesting  mechanical  processes  for  small  foundr3-  work  are  carried 
on,  including,  besides  hydraulic  moulding  (or  ramming)  and  assembling  machines  for 
repetition  work,  a  series  of  special  pattern  casts  for  moulds  and  for  cores  formed  variously 
of  plaster,  of  plaster  sheathed  in  zinc,  and  sometimes  made  entirely  of  metal. — Ed. 


3  HE  largest  work  done 
at  the  locomotive 
works  of  the  French 
Western  Railway  at 
Sotteville,  near 
Rouen,  is  generally 
propeller  screws  for 
the  company's 
steamers  and  also 
locomotive  work, 
such  as  pairs  of  low- 
pressure  cylinders,  cylinder-caissons  for  bracing 
the  frames  between  pairs  of  outside  cylinders, 
etc.  The  loam  moulds  for  the  first-named 
castings  are  formed  within  pits  in  the  shop 
floor  by  the  aid  of  sweeps,  and  the  latter, 
moulded  from  patterns  as  usual,  are  also  pre- 
pared in  the  floor  ;  surface  work  with  brick- 
built  moulds  supported  by  metal  curbing  or 
flasks  for  transport  to  the  pits  not  being  usually 
employed  here  for  large  pieces. 

The  moulding  floor  of  the  iron  foundry  has 
an  area  of  4,750  square  feet,  and  the  whole 
area  of  the  shops  belonging  to  the  foundry  is 
9,470  square  feet.  In  the  iron  foundry  there  is 
only  one  cupola,  which  answers  for  all  present 
requirements.  This  latter  is  located  about  the 
mid-length  of  the  building,  outside,  along  with 
the  charging  floor.  Its  capacity  is  4,000  lb., 
and  it  yields  from  five  to  six  tons  of  metal  daily. 
There  are  about  seventy  men  employed  in  this 
foundry. 

A  great  quantity  of  medium-sized  locomotive 


pieces  are  cast  in  green  sand  b}' the  usual  methods, 
as,  for  instance,  brake-cylinders,  cylinders  for 
the  making  of  piston-rings,  blast  pipes,  regulator 
stand  pipes,  axle  boxes,  etc.,  but  in  the  casting 
of  these  the  visitor  notices  very  little  that 
differs  from  the  practices  emploj^ed  in  other 
foundries. 

It  is,  above  all,  for  small  pieces  which  have 
to  be  produced  in  large  quantities,  such  as  parts 
for  brake  equipment,  draft  and  bufling  attach- 
ments, the  lower  halves  of  axle-boxes,  brackets, 
and  wagon  fittings  in  general,  that  it  is  necessary 
to  dispense  with  the  labour  of  moulders,  and 
also  with  the  cost  of  numerous  patterns  ;  conse- 
quently, repetition  machines  are  emploj^ed,  and 
in  the  place  of  moulds  or  patterns,  stereotype- 
casts  are  often  used. 

The  particular  means  adopted  for  the  rapid 
production  of  pieces  on  this  multiple  system  as 
followed  at  Sotteville,  are  due  to  the  collabora- 
tion of  Messrs.  Saillot  and  Vignerot,  formerly 
shop  manager  and  shop  foreman,  respectively, 
at  these  works. 

The  machines  will  be  described  first,  in  order 
to  thus  facilitate  the  explanation  of  the  special 
stereotj-ping  processes. 

The  hydraulic-moulding  press,  or  ramming-up 
machine,  is  destined  for  mechanical  moulding 
upon  plaster  and  metal  casts  or  matrices,  its 
purpose  being  to  effect  the  gradual  and  complete 
squeezing'up  of  the  sand,  thus  obtaining  a  clean, 
sharp,  and  solidly  cohesive  mould,  and  per- 
mitting the  formation  of  vertical  cores,  while 
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FIG.    I.      ELEVATION'.  FIO.    2.      SIDE   VIEW. 

HYDRAULIC    MOULDIXG    MACIIIXE. 


disaggregation  of  the  thin  edges  of  the  mould, 
when  withdrawing  it  from  the  cast,  is  avoided 
by  the  use  of  retainers,  stripping-plates,  or 
supports,  with  hfters  or  ejectors  for  the  cores. 
The  means  of  making  and  employing  these  latter 
adjuncts  will  be  described  presently. 

The  hydraulic  machine  is  illustrated  by  the 
sections  (figs,  i  to  12). 

It  is  composed  of  two  essential  parts,  the  one 
for  moulding  or  ramming  the  sand,  and  the 
other  for  the  removal  of  the  mould.  For  each 
operation  there  is  a  distinct  hydraulic  jiiston, 
the  larger  serving  for  the  first  operation,  which 


requires  considerable  effort,  while  the  second 
operation,  which  necessitates  a  relatively  low 
pressure,  is  effected  by  a  smaller  piston,  with  a 
consequent  economy  of  water. 

For  moulding,  the  moulding  table,  A,  is  driven 
up  by  the  larger  or  outside  piston,  C,  while  the 
adjustable  screw  plate,  K,  is  operated  above  the 
moulding  flask  by  hand-screw.  Lifting  of  the 
mould  is  effected  by  the  platen  operated  by  the 
second,  or  smaller,  inside  piston,  E. 

The  method  of  its  operation  is  as  follows  : 
To  make  the  mould  the  i)laster  cast  is  placed 
upon  the  moulding  table,  A,  and  covered  with 
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FIG.   7.      SECTION    THROUGH    E,    F, 

a  circular  flask  filled  up  with  the  sand  for  the 
impression  ;  the  adjustable  screw-plate,  K,  is 
then  swung  over  the  table  (see  fig.)  and 
brought  down  upon  the  sand,  and  a  valve 
opened^  until   the   outer  piston,  C,  has  exerted 
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FIGS.    8   TO    12.      VARIOUS    POSIT  lOXS   OF   WATER    VALVF 


_  sufficient  pressure  for  the  ramming  of  the  sand 
on  the  cast. 

Upon  the  casts  are  fixed  nipples,  or  dowels, 

which  correspond  precisely  with  the  guide  holes 

of  the  flasks  in  which  the  moulds  are  formed,  so 

that  for  the  assemblage  of  the  two  halves  of  a 

given  mould,  it  is  only  necessary  to  see  that  the 

guide  holes  in  corresponding  flasks  be  in  exact 

register  ;    and  this  is  done  at  the  assembling 

machine  in  the  manner  to  be  described  hereafter. 

For  turning  out  the  mould  from  the  cast  the 

platen,   /,  is    thrust  up  by  the  inner  piston,  E. 

Upon  this  platen  are  fixed  four  pillars  traversing 

the  table.  A,  by    holes    drilled  therein.     While 

the  mould  is  being  removed  from  the  cast,  these 

pillars    serve  to   raise  the  flask  along  with  the 

mould    retainers,    or    stripping  plates,  and  the 

ejectors,  or  lifters,  of  vertical  cores. 

The  details  of  the  machine  are  fairly  shown 
by  the  sections.  It  will  be  observed  that  the 
moulding  table.  A,  consists  of  a  hollow  box 
carried  upon  a  cast  iron  plate  working  up  and 
down  between  the  two  main  columns,  bolted 
to  the  bed  of  the  machine,  and  with  which  latter 
the  hydraulic  cylinder,  D,  is  cast  in  one  piece. 

The  pistons  in  this  vertical  cylinder  are  con- 
centric. Water  arrives  by  the  vertical  stand- 
pipe  of  bronze,  F,  under  the  middle,  or  mould- 
lifting,  piston,  which,  when  not  at  work,  rests 
on  the  bottom  of  the  larger,  or  outside,  piston, 
and  is  consequently  raised  along  with  the  big 
piston  when  the  latter  is  ramming.  But  to 
obviate  the  smaller  piston  lifting  the  larger  one 
by  suction  when  the  former  should  work  alone, 
an  airway  is  introduced  at  g. 

The  upper  part  of  the  machine  carries  a  beam, 
P,  pivoting  on  the  columns  T2  at  one  end,  and 
clasping  the  column,  Ti,  by  means  of  a  jaw  at 
the  other ;    it  is  thus  easily  swung    out  of   the 

way  for  taking  off 
the  moulds.  To  ensure 
easy  working  of  this 
pivoting  beam  it  is 
carried  upon  ball  bear- 
ings. The  overhang- 
ing weight  of  this 
massive  beam  is  sup- 
ported at  the  opposite 
extremity,  0,  by  means 
of  a  roller,  R,  travelling 
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on  a  quadrant,  S,  screwed  to  a  wing  support  on 
the  upper  end  of  the  second  column,  Ti. 

It  will  be  noted  that  the  plate,  K,  carrying  a 
wooden  disc,  L,  can  be  screwed  down  on  to  the  sand 
by  the  screw,  M,  operated  by  the  hand- wheel,  N. 

The  control  of  the  water  by  means  of  one 
lever,  E,  is  very  well  arranged,  as  will  be  evident 
from  an  examination  of  the  details  of  the 
four- way  valve  (figs.  5  to  7),  and  which  has  the 
following  effects  :  (i)  admission  of  water  from 
accumulator ;  (2)  admission  to  the  large 
cylinder  ;  (3)  admission  to  the  small  cylinder  ; 
(4)  discharge  of  pressure  to  the  waste  pipe. 

The  lever,  E,  regulates  the  valve,  C,  and  the 
different  positions  assumed  by  the  valve  are 
shown  by  the  small  sectional  views  (8  to  12). 

The  assembling  machine  (fig.  13),  serves  for 
combining  the  flasks,  and  also,  when  pouring 
in  furrows,  to  turn  the  latter  out  of  the  flasks. 
This  machine,  of  which  fig.  14  gives  sections, 
is  indispensable  for  green  moulding,  it  being  the 
only  means  for  centring  the  two  flasks  of  a 
given  mould  in  absolute  register.  It  consists  of 
two  headstocks,  A  A,  adjustable  along  the 
surface  of  a  floor  bed  plate  for  different  sizes  of 
flasks,  and  each  one  fitted  at  its  upper  extremity 
with  a  sliding  head,  BB.  with  a  carrier  stud, 
C,  at  the  inside  of  which  is  a  nipple,  O,  serving  to 
receive  the  lug  of  the  flask  at  either  side,  and 
provided  with  a  clamping  handle,  P,  for  securing 
the  flask.  The  carrier  stud,  C,  is  maintained  in 
place  by  the  feather  key,  D  (shown  in  the 
details).  The  heads,  BB,  slide  in  the  direction  of 
their  length  upon  surfaces  planed  on  top  of  the 
headstocks,  and  travelling  within  the  limit 
formed  by  the  stops,  QQ,  that  are  screwed  to 
the  latter.  To  allow  for  wear  the  sliding  surfaces 
are  constituted  by  liners,  GG  (details),  which 
can  be  readily  replaced  whenever  required.  The 
sliding  heads,  or  poppets,  can  be  clamped  to 
their  beds  by  means  of  screws. 

A  vertical  slide  face,  K  (fig.  14),  is  cast  upon 
each  of  the  headstocks,  and  to  each  of  these  is 
clamped,  wherever  required,  the  bracket  carrier, 
L,  with  the  spits,  M,  for  receiving  the  lower  flask 
when  it  has  been  cmj-tticd  of  its  mould. 


The  platen,  D  (fig.  14),  of  the  hydraulic  piston 
is  centred  between  the  two  headstocks.  The 
hydraulic  cylinder,  E,  located  below  the  floor, 
forms  a  part  of  the  bed-plate  of  the  machine. 
To  ensure  the  parallel  working  of  the  piston,  verti- 
cally, it  is  lengthened  by  means  of  a  rod,  F,  fitted 
with  a  collar,  G,  sliding  between  two  guide  bars, 
H,  formed  of  flat  strips  of  iron  fixed,  above,  to 
the  main  bed,  and,  below,  to  the  masonry 
foundation  of  the  installation. 

Water  is  admitted  to  the  piston  by  a  three- 
way  cock,  R,  controlled  by  a  lever,  and  arranged 
for :  (i)  admission ;  (2)  release ;  (3)  partial 
release — in  the  latter  case  the  piston  stopping  at 
any  desired  position  of  its  stroke. 

The  work  proceeds  as  follows  :  The  flask  to  be 
assembled  is  placed  in  the  machine  with  its  lugs 
hooked  on  to  the  nipples  of  the  carrier  studs, 
and  water  is  applied  so  that  the  platen  lifts  the 
flask  off  the  nipples.  The  sliding  heads  are  now 
pushed  back  to  allow  the  flask  to  be  lowered  on 
to  the  spits  below. .  This  operation  is  again 
repeated  for  the  second,  or  upper,  half  of  the 
mould,  and  the  two  flasks  are  thus  accurately 
combined  on  the  same  spits,  ready  for  the  re- 
moval thence  of  the  flasks  for  the  final  adjust- 
ment, venting,  and  pouring  of  the  moulds. 

Unflasking,  or  demottagc,  is  performed  by 
placing  the  upper  flask  on  the  nipples  of  the 
carrier  studs,  and  clamping  it  in  that  position  by 
means  of  the  handles  before  referred  to,  while 
the  lower  flask  rests  upon  the  j^laten  of  the 
machine. 

Water  is  then  applied,  and  the  mould  is  dis- 
engaged from  the  flasks,  the  upper  flask  remain- 
ing fixed  above,  while  the  lower  one  drops  on  to 
the  spit  brackets,  as  shown  in  the  view(fig.i3). 

The  round  flasks  for  "  mottes,"  as  shown  in  the 
engravings,  are  iron  castings  bored  internally, 
and  weighing  thirty  pounds  upwards. 

These  repetition  machines  have  proved  so 
successful  that  a  set  of  them  have  also  been 
installed  in  the  marine  engine  and  locomotive 
building  works  of  Ansaldo,  at  Sami)iordarena 
(Italy),  where  they  give  much  satisfaction. 
{To  be  ioiiliinicd.) 
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FREDERICK    W.    TAYLOR. 

In  the  course  of  a  paper  on  "  Shop  Management,"  presented  at  the  American  Society  of 
Mechanical  Engineers,  Mr.  Frederick  \Y.  Taylor  urges  that  the  leading  object  in  management, 
namely,  high  wages  and  a  low  labour  cost,  can  best  be  obtained  by  including  the  idea  of 
a  "  daily  task  "  throughout  the  field  of  management.  The  adoption  of  this  idea  involves  (at 
least,  iri  the  case  of  an  establishment  doing  intricate  work)  the  abandonment  of  individual 
or  personal  management,  and  the  substitution  of  a  planning  department  to  do  all  the  detail 
of  the  work  of  management.     An  outline  is  given  of  an  ideal  planning  department. — Ed* 


MODERN  engineering  can  almost  be  cjlled  an 
exact  science  ;  each  year  removes  it  further 
from  guess  worlc  and  from  rule  of  thumb  methods,  and 
establishes  it  more  firmly  upon  the  foundation  of 
fixed  principles. 

The  writer  feels  that  management  is  also  destined  to 
become  more  o^  an  art,  and  that  many  of  the  elements 
which  are  now  believed  to  be  outside  the  field  of  exact 
knowledge  will  soon  be  standardised,  tabulated, 
accepted,  and  used,  as  are  now  the  many  elements  of 
enf^ineering.  Management  will  be  studied  as  an  art, 
and  will  rest  upon  well-recognised,  clearly  defined,  and 
fixed  principles,  instead  of  depending  upon  more  or 
less  hazy  ideas  received  from  a  limited  observation 
of  the  few  organisations  with  which  the  individual  may 
have  come  in  contact.  There  vvill,  of  course,  be  various 
successful  types,  and  the  apphcation  of  the  underlying 
principles  must  be  modified  to  suit  each  particular 
case.  The  first  object  in  management  is  to  unite  high 
wa^es  with  a  low  labour  cost.  The  writer  believes 
that  tl'.is  object  can  be  most  easily  attained  by  the 
application  of  the  folio'.viny^  principles  : — 

First.-A     LARGE     DAILY     TASK. 

Each  man  in  the  establishment,  high  or  low,  sliould 
daily  have  a  clearly  denned  task  laid  out  before  h.im. 
This  task  should  not  in  the  least  degree  be  vague  nor 
indefmite,  but  should  be  circumscribed  carehdly  and 
completely,  and  should  not  be  easy  to  accomplish. 
Second.-STANDARD     CONDITIONS. 

Each  man's  task  shoul<l  call  for  a  lull  day's  work,  antl 
at  the  same  time  the  workman  should  be  giveii  such 
conditions  and  appliances  as  will  enable  him  to  accom- 
plish his  task  with  ccrtaintv. 


Third.— HIGH     PAY     FOR     SUCCESS 

He  should  be  sure  of  large  pay  when  he  accom- 
plishes his  task. 

Fourth.     LOSS     IN     CASE     OF     FAILURE 

When  he  fails  he  should  be  sure  that  sooner  or  later 
he  '\  ill  be  the  loser  by  it. 

When  an  establishnient  has  reached  an  advanced 
state  of  organisation,  in  n-iany  cases  a  fifth  element 
should  be  added,  namely  :  the  task  should  be  made 
so  difficult  that  it  can  only  be  accomplished  by  a  first- 
class  man. 

There  is  nothing  new  nor  startling  about  any  of  these 
principles,  and  yet  it  will  be  difficult  to  find  a  shop 
in  which  they  are  not  daily  violated  over  and  over 
again.  They  call,  however,  for  a  greater  departure 
from  the  ordinary  types  of  organisation  than  would 
at  first  appear.  In  the  case,  for  instance,  of  a  machine 
shop  doing  miscellaneous  work,  in  order  to  assign 
daily  to  each  man  a  carefully  measured  task,  a  special 
planning  department  is  required  to  lay  out  all  of  the 
work  at  least  one  day  ahead.  All  orders  must  be 
given  to  the  men  in  detail  in  writing  ;  and  in  order 
to  lay  out  the  next  day's  work,  and  plan  the  entire 
progress  of  work  through  the  shop,  daily  returns 
must  be  made  by  the  men  to  the  planning  department, 
in  writing,  showing  just  what  has  been  done.  Before 
each  casting  or  forging  arrives  in  the  shop  the  exact 
route  which  it  is  to  take  from  machine  to  machine 
should  be  laid  out.  A?i  instruction  card  for  each  opera- 
tion must  be  written  out  stating  in  detail  just  how 
each  operation  on  every  piece  of  work  is  td  be  done  and 
the  time  required  to  do  it,  the  drawing  number,  any 
special  tools,  jigs,  or  appliances  required,  etc.  Before 
the  four  prhiciples  above  referred  to  can  be  successfully 
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applied,  it  is  also  necessary  in  most  shops  to  make 
important  physical  changes.  All  of  the  small  details 
in  the  shop,  which  are  usually  regarded  as  of  little 
importance,  and  are  left  to  be  regulated  according  to 
the  individual  taste  of  the  workman,  or,  at  best,  of 
the  foreman,  must  be  thoroughly  and  carefully  standard- 
ised, such  details,  for  instance,  as  the  care  and  tight- 
ening of  the  belts  ;  the  exact  shape  and  quality  of 
each  cutting  tool  ;  the  establishment  of  a  complete 
toolroom  from  which  properly  ground  tools,  as  well 
as  jigs,  templets,  drawings,  etc.,  are  issued  under  a 
good  check  sj^stem,  etc.  ;  and  as  a  matter  of  importance 
(in  fact,  as  the  foundation  of  modern  management) 
an  accurate  study  of  "  unit  times  "  must  be  made  by 
one  or  more  men  connected  with  the  planning  depart- 
ment, and  each  machine  tool  must  be  standardised  and 
a  table  or  slide  rule  constructed  for  it,  showing  how 
to  run  it  to  the  best  advantage. 

At  first  view,  the  running  of  a  planning  depart- 
ment, together  with  the  other  innovations,  would 
appear  to  involve  a,  large  amount  of  additional  work 
and  expense,  and  the  most  natural  question  would 
be  is  whether  the  increased  efficiency  of  the  shop  more 
than  offsets  this  outlay.  It  must  be  borne  in  mind, 
however,  that,  with  the  exception  of  the  study  of  unit 
times,  there  is  hardl}-  a  single  item  of  work  done  in 
the  planning  department  which  is  not  already  being 
done  in  the  shop.  Establishing  a  planning  department 
merely  concentrates  the  planning  and  much  other 
brain-work  in  a  few  men  especially  fitted  for  their 
task  and  trained  in  their  especial  lines,  instead  of  having 
it  done,  as  heretofore,  in  most  cases  by  high  priced 
mechanics,  well  fitted  to  work  at  their  trades  but  poorly 
trained  for  work  more  or  less  clerical  in  its  nature. 

There  is  a  close  analogy  between  the  methods  of 
modern  engineering  and  this  type  of  management. 
Engineering  no'v  centres  in  the  drafting  room  as  modern 
management  does  in  the  planning  department.  The 
old  style  engineering  had  all  the  appearance  of  sim- 
plicity and  economy,  while  modern  engineering  has 
all  the  appearance  of  complication  and  extravagance, 
with  its  multitude  of  drawings,  and  the  amount  of 
study  and  work  which  is  put  into  each  detail ;  and  its 
corps  of  draughtsmen,  all  of  whom  would  be  sneered 
at  bv  the  old  engineer  as  "  non-producers."  For  the 
same  reason,  modern  management,  with  its  minute 
time  study  and  a  managing  department  in  which  each 
operation  is  carefully  planned,  with  its  many  written 
orders  and  its  apparent  red  tape,  looks  like  a  waste 
of  money  ;  while  the  ordinary  management  in  which 
the  planning  is  mainly  done  by  the  workmen  them- 
selves, with  the  iielp  of  one  or  two  foremen,  seems 
simple  and  economical  in  the  extreme.  The  writer, 
however,  while  still  a  young  man,  had  all  lingering 
doubt  as  to  the  value  of  a  drafting  room  dispelled  by 
seeing  the  chief  engineer,  the  foreman  of  the  machine 
shop,  the  foreman  of  the  foundry,  and  one  or  two 
workmen,  in  one  of  our  large  and  successf.d  engineering 
estabhshments  of  the  old  school,  stand  over  the  cylinder 
of  an  engine  which  was  being  b;ii1t,  with  chalk  an<l 
dividers,  and  discuss  for  more  than  an  hour  tlie  proper 


size  and  location  of  the  studs  for  fastening  on  the 
cylinder  head.  This  was  simplicity,  but  not  economv. 
About  the  same  time  he  became  thoroughly  convinced 
of  the  necessity  and  economy  of  a  planning  department 
with  time  study,  and  with  written  instruction  cards 
and  returns.  He  saw  over  and  over  again  a  workman 
shut  down  his  macliine  and  hunt  up  the  foreman  to 
inquire,  perhaps,  what  work  to  put  into  his  machine 
next,  and  then  chase  around  the  shop  to  find  it,  or  to 
have  a  special  tool  or  templet  looked  up  or  made.  He 
saw  workmen  carefully  nursing  their  jobs  by  the  hour, 
and  doing  next  to  nothing  to  avoid  making  a  record, 
and  he  was  even  more  forcibly  convinced  of  the  neces- 
sity for  a  change  while  he  was  still  working  as  a  machinist 
b}"^  being  ordered  by  the  other  men  to  slow  down  to 
half  speed  under  penalty  of  being  thrown  over  the 
fence. 

No  one  now  doubts  the  economy  of  the  tlrafting 
room,  and  the  writer  predicts  that  twenty  years  from 
now  no  one  will  doubt  the  economy  and  necessity 
of  the  study  of  unit  times  and  of  the  planning  depart- 
ment. 

The  following  are  the  laading  functions  of  the  planning 
department  : — 

A. — The  complete  analysis  of  all  orders  for  machines 
or  work  taken  by  the  company. 

B. — Time  study  for  all  work  done  by  hand  through- 
out the  works,  including  that  done  in  settling  the  work 
in  machines,  and  all  bench,  vice  work  and  trans- 
portation, etc. 

C. — Time  study  for  all  operations  done  by  the  various 
machines. 

D. — The  balance  of  all  materials,  raw  materials, 
stores,  and  finished  parts,  and  the  balance  of  the  work 
ahead  for  each  class  of  machines  and  workmen. 

E. — The  analysis  of  all  inquiries  for  new  work 
received  in  the  sales  department  and  promises  for 
time  of  delivery. 

F. — The  cost  of  all  items  manufactured,  with  com- 
plete expense  analysis,  and  complete  monthly  com- 
parative cost  and  expense  exhibits. 

G. — The  pay  department. 

H. — The  Mnemonic  Symbol  System  for  identilica- 
tion  of  parts  and  for  charges. 

I. — Information  bureau. 

J. — Standards. 

K. — Maintenance  of  system  antl  plant,  and  use  of 
the  tickler. 

I,. — Messenger  system  and  post  otiice  delivery. 

M. — Employment  bureau. 

N. — The  shop  disciplinarian. 

O. — A  mutual  accident  insurance  association. 

P. — Rush  order  department. 

O. — Improvement  of  system  or  plant. 

A. — Tlic  complete  Analysis  of  All  Orders  for  Macliiius  or 
Work  taken  by  the  Company. 
This  analysis  shcnild  indicate  the  designing  and 
drafting  required,  the  machines  or  parts  to  be  pur- 
chased, and  all  data  needed  by  the  purchasing  agent, 
and  as  soon  as  the  necessirv  drawings  and  information 
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come  from  the  drafting  room,  the  Usts  of  patterns, 
castings  and  forgings  to  be  made,  together  with  all 
instructions  for  making  them,  including  general  and 
detail  drawing,  piece  number,  the  Mnemonic  S\-mbol 
belonging  to  each  piece  (as  referred  to  in  "  H  ") — a 
complete  analysis  of  the  successive  operations  to  be 
done  on  each  piece,  and  the  exact  route  which  each 
piece  is  to  travel  trom  place  to  place  in  the  works. 

B.—Timc  Study  for  All  Work  Done  by  Hand  throu,^hout 
the  Worlds,  including  that  Done  in  Setting  the  Work 
in  Machines,  and  alt  Bench,  Vice    lVort<.,  and  Trans- 
portation, etc. 
This  information  for  each  particular  operation  should 
be  obtained  by  summing  up  the  various  "  unit  times  " 
of  which  it  consists.     To  do  this,  of  course,  requires 
the  men  performing  this  function  to  keep  continually 
posted  as  to  the  best  methods  and  appliances  to  use, 
and  also  to  frequently  consult  with  and  receive  advice 
from   the  executive  gang  bosses  who  carry   out   this 
work  in  the  shop,  and  from  the  man  in  the  depart- 
ment of  standards  and  maintenance  of  plant  (J)  be- 
neath.      The  actual  study  of  "  unit  times,"  of  course, 
forms  the  greater  part  of  the  work  of  this  section  of  the 
planning  room. 

C. — Time  Study  for  all  Operations  Done  by  the  Various 
Machines. 

This  information  is  best  obtained  from  slide  rules, 
one  of  which  is  made  for  each  machine  tool  or  class  of 
machine  tools  throughout  the  works  ;  one,  for  instance, 
for  small  lathes  of  the  same  type,  one  for  planers  of 
same  type,  etc.  These  slide  rules  show  the  best  way 
to  machine  each  piece,  and  enable  detailed  directions 
to  be  given  the  workman  as  to  how  many  cuts  to  take, 
where  to  start  each  cut,  both  for  roughing  out  work 
and  finishing  it,  the  depth  of  the  cut,  the  best  feed  and 
speed,  and  the  exact  time  required  to  do  each  operation. 

The  information  of  function  "  B,"  together  with 
that  of  "  C,"  afford  the  basis  for  fixing  the  proper  piece 
rate,  differential  rate,  or  the  premium  to  be  paid 
(according  to  the  system  employed.) 

D. — The  Balance  of  all  Materials,  Raw  Materials,  Stores, 
and  Finished  parts,  and  the  Number  of  Days'  Work 
Ahead  for  Each  Class  of  Machines  and  Workmen. 
Returns  showing  all  receipts,  as  well  as  the  issue 
of  all  raw  materials,  stores,  partly  finished  work,  and 
completed  parts  and  machines,  repair  parts,  etc.,  daily 
pass  through  the  balance  clerk,  and  each  item  of  which 
there  have  been  issues  or  receipts,  or  which  has  been 
appropriated  to  the  use  of  a  machine  about  to  be 
manufactured,"  is  daily  balanced.  Thus  the  balance 
clerk  can  see  that  the  required  stocks  of  materials  are 
kept  on  hand  by  notifying  at  once  the  purchasing 
agent  or  other  proper  party  when  the  amount  on  hand 
falls  below  the  prescribed  figure.  The  balance  clerk 
should  also  keep  a  complete  running  balknce  of  the 
hours  of  work  ahead  for  each  class  of  machines  and 
workmen,  receiving  for  this  purpose  daily  from  A,  B, 
and  C  statements  of  the  hours  of  new  work  entered, 
and  from  the  inspectors  and  daily  time  cards    a   state- 


ment of  the  work  as  it  is  finished.  He  should  keep 
the  manager  and  sales  department  posted  through 
daily  or  weekly  condensed  reports  as  to  the  number 
of  days  of  work  ahead  for  each  department,  and  thus 
enable  them  to  obviate  either  a  congestion  or  scarcity 
of  work. 

E. — The  Analysis  of  all  Inquiries  for  Neic  Work  Received 

in  the  Sales  Departtncnt  and  Promises  for  Time  of 

Delivery. 

The  man  or  men  in  the  planning  room  who  performs 

the   duties   indicated    at    "  A  "    above   should   consult 

with  B  and  C  and  obtain  from   them  approximately 

the  time  required  to  do  the  work  inquired  for,  and  from 

D  the  days  of  work  ahead  for  the  various  machines  and 

departments,  and  inform  the  sales  department  as  to 

the  probable  time  required   to  do  the  work  and  the 

earliest  date  of  delivery. 

F. — The  Cost  of  all  Items  Manufactured,  with  Complete 
Expense  Analysis,  and  Complete  Monthly  Com- 
parative Cost  and  Expense  Exhibits. 

The  books  of  the  company  should  be  monthly  closed 
and  balanced  as  completely  as  they  usually  are  at  the 
end  of  the  year,  and  the  exact  cost  of  each  article  of 
merchandise  finished  during  the  previous  month  should 
be  entered  on  a  comparative  cost  sheet.  The  expense 
exhibit  should  also  be  a  comparative  sheet.  The  cost 
account  should  be  a  completely  balanced  account, 
not  a  memorandum  account  as  it  generally  is  ;  and  the 
entire  expenses  of  the  establishment,  direct  and  indirect, 
including  the  administration  and  sales  expense,  should 
be  charged  to  the  cost  of  the  product  which  is  to  be 
sold. 

G. — -The    Pay    Departmetit. 

The  pay  department  should  include  not  only  a  record 
of  the  time  and  the  wages  and  piece-work  earnings  of 
each  man,  and  his  weekly  or  monthly  payment,  but 
the  entire  supervision  of  the  arrival  and  departure  of 
the  men  from  the  works,  and  the  various  checks  needed 
to  insure  against  error  or  cheating.  It  is  desirable  that 
some  one  of  the  "  exception  systems  "  of  time  keeping 
should  be  used. 

H. — The  Mnemonic .  Symbol  System  for  Identification 
of  Parts  and  for  Charges. 
Some  of  the  Mnemonic  Symbol  Systems  should  be 
used  instead  of  numbering  the  parts  or  orders  for 
identifying  the  various  articles  of  manufacture,  as  well 
as  the  operations  to  be  performed  on  each  piece,  and 
the  various  expense  charges  of  the  establishment. 
Tliis  becomes  a  matter  of  great  importance  when 
written  directions  are  sent  from  the  planning  room  to 
the  men,  and  the  men  make  their  returns  in  writing. 
The  clerical  work  and  chances  of  error  are  thereby 
greatly  diminished. 

I. — -Information  Bureau. 

The   information   bureau   should   include  catalogues 

of    drawings    (providing    the    drafting    room    is    close 

enough  to  the  planning  room)  as  well  as  all  records  and 

reports    for    the     whole     estaWishment.      The    art    of 
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properly  indexing;  information  is  bv  no  means  a  simple 
one,  and  as  far  as  possible  it  should  be  centred  in  one 
man. 

J. — Standards. 
The  adoption  and  maintenance  of  standard  tools, 
fixtures  and  appliances,  throughout  the  works  and 
office,  as  well  as  the  adoption  of  standard  methods  of 
doing  all  operations  which  are  repeated,  is  a  matter 
of  importance,  so  that  under  similar  conditions  the 
same  appliances  and  methods  shall  be  used  through- 
out the  plant.  This  is  an  absolutely  necessary  pre- 
liminary to  success  in  assigning  daily  tasks  which  are 
fair  and  which  can  be  carried  out  with  certainty. 

K. — Maintenance  of  System  and  Plant,  and   use   of  the 
"  Tickley." 

One  of  the  most  important  functions  of  the  planning 
room  is  that  of  the  maintenance  of  the  entire  system, 
and  of  standard  methods  and  appliances  throughout 
the  establishment,  including  the  planning  room  itself. 
An  elaborate  time  table  should  be  made  out  showing 
daily  the  time  when  and  place  where  each  report  is  due, 
which  is  necessary  to  carry  on  the  work  and  to  maintain 
the  system.  It  should  be  the  chity  of  the  member 
of  the  planning  room  in  charge  of  this  function  to 
find  out  at  each  time  through  the  day  when  reports 
are  due,  whether  they  have  been  received,  and  if  not, 
to  keep  bothering  the  man  who  is  behind  hand  until 
he  has  done  his  dutv.  Almost  all  of  the  reports,  etc., 
going  in  and  out  of  the  planning  room  can  be  made 
to  pass  through  the  hands  of  this  man.  As  a  mechanical 
aid  to  him  in  performing  his  function  the  "  tickler  " 
is  invaluable.  The  best  type  of  "  tickler  "  is  one  whicli 
has  a  portfolio  for  each  day  in  the  year,  large  enough 
to  insert, all  reminders  and  even  quite  large  instruction 
cards  and  reports  without  folding.  In  maintaining 
methods  and  appliances,  notices  should  be  placed  in 
the  "  tickler  "  in  advance,  to  come  out  at  proper  in- 
tervals throughout  the  year  for  the  inspection  of  each 
element  of  the  system,  and  the  inspection  and  over- 
hauling of  all  standards,  as  well  as  the  examination  and 
repairs  at  stated  intervals  of  parts  of  machines,  boilers, 
engines,  belts,  etc.,  likely  to  wear  out  or  give  trouble, 
thus  preventing  breakdowns  and  delays.  One  "  tickler" 
can  be  used  for  the  entire  works,  and  is  preferable  to  a 
number  of  individual  "  ticklers "  ;  each  man  can 
remind  himself  of  his  various  small  routine  duties  to 
be  performed  either  daily  or  weekly,  etc.,  and  which 
might  be  otherwise  overlooked  by  sending  small 
reminders,  written  on  slips  of  paper,  to  be  placed 
in  the  "  tickler  "  and  returned  to  him  at  the  proper 
•time.  Both  the  "  tickler  "  and  a  thoroughly  systema- 
tised  messenger  service  should  be  immediately  adjacent 
to  this  man  in  the  planning  room,  if  not  directly  under 
his  management. 

The  Y^roper  execution  of  tliis  function  of  the  planning 
room  will  relieve  the  superintendent  of  some  of  the 
most  vexatious  and  time-consuming  of  his  duties,  and 
at  the  same  time  the  work  will  be  done  more  thorouglily 
and  cheaper  than  if  he  does  it  himself.  By  the  adoption 
of  standards  and  the  use  of  instruction  cards  for  over- 


hauling machinery,  etc.,  and  the  use  of  the  "tickler" 
as  above  described,  the  writer  reduced  the  repair  force 
of  the  jNIidvale  Steel  Works  to  one-third  its  size  while 
he  was  in  the  position  of  master  mechanic.  (There 
was  no  planning  department,  however,  in  the  works  at 
that  time.) 

L. — Messenger  System  and  Post  Office  Delivery. 

The  messenger  system  should  be  thoroughly  organ- 
ised and  records  kept  showing  which  of  the  boys  are 
the  most  efficient.  This  should  afford  one  of  the  best 
opportunities  for  selecting  boys  fit  to  be  taught  trades, 
as  apprentices  or  otherwise. 

There  should  be  a  regular  half  hourly  post  office 
delivery  system  for  collecting  and  distributing  routine 
reports  and  records  and  messages  in  no  especial  hurry 
throughout  the  works. 

M. — Employment   Bureau. 

The  selection  of  the  men  who  are  employed  to  fill 
vacancies  or  new  positions  should  receive  the  most 
careful  thought  and  attention,  and  should  be  under  the 
supervision  of  a  competent  man  who  will  inquire  into 
the  experience  and  especial  fitness  and  character  of 
applicants,  and  keep  constantly  revised  lists  of  men 
suitable  for  the  various  positions  in  the  shop.  In  this 
section  of  the  planning  room  an  individual  record  of 
each  of  the  men  in  the  works  can  well  be  kept,  showing 
his  punctuality,  absence  without  excuse,  violation  of 
shop  rules,  spoiled  work  or  damage  to  machines  or 
tools,  as  well  as  his  skill  at  various  kinds  of  work  ; 
average  earnings,  aiid  other  good  qualities,  for  the 
use  of  this  department  as  well  as  the  shop  discipli- 
narian. 

X. — The  Ship  Disciplinarian. 

This  man  may  well  be  closely  associated  with  the 
employment  bureau  and,  if  the  works  is  not  too  large, 
the  two  functions  can  be  performed  by  the  same  man. 
The  knowledge  of  character  and  of  the  qualities  needed 
for  various  positions  acquired  in  disciplining  the  men 
should  be  useful  in  selecting  them  for  employment. 
This  man  should,  of  course,  consult  constantly  with 
the  various  foremen  and  bosses,  both  in  his  function  as 
disciplinarian  and  in  the  employment  of  men. 

O. — A  Mutual  Accident  Insurance  Association. 
A  Mutual  Accident  Insurance  Association  should  be 
established,  to  which  the  company  contributes  as  well 
as  the  men.  The  object  of  this  association  is  twofold  : 
First,  the  relief  of  men  who  are  injured  ;  and,  second, 
an  opportunity  of  returning  to  the  worknien  all  fines 
which  are  imposed  upon  them  in  disciplining  them, 
and  for  damage  to  company's  property  or  work  spoiled. 

P. — Rush  Order  Department. 
Hurrying  through  parts  which  have  been  spoiled  or 
have  developed  defects,  and  also  special  repair  orders 
for  customers,  should  receive  the  attention  of  one  man. 

Q. — Improvement  of  System  or  Plant. 
One    man    should   be   especially   charged    with    the 
work  of  imiirovement  in  the  system  and  in  the  running 
of  the  i)lant. 
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As  already  stated,  the  planning  room  gives  its  orders 
and  instructions  to  the  men  mainly  in  writing,  and 
of  necessity  must  also  receive  prompt  and  reliable 
WTitten  returns  and  reports  which  shall  enable  its 
members  to  issue  orders  for  the  next  movement  of 
each  piece,  lay  out  the  work  for  each  man  for  the  follow- 
ing day,  properly  post  the  balance  of  work  and  materials 
accounts,  enter  the  records  on  cost  accounts  and  also 
enter  the  time  and  pa^^  of  each  man  on  the  pay  sheet. 
There  is  no  question  that  all  of  this  information  can 
be  given  both  better  and  cheaper  by  the  workman 
direct  than  through  the  intermediary  of  a  walking  time- 
keeper, providing  the  proper  instruction  and  report 
system  has  been  introduced  in  the  works,  with  care- 
fully ruled  and  printed  instruction  and  return  cards, 
and  particularly  providing  a  complete  Mnemonic  system 
of  symbols  has  been  adopted  so  as  to  save  the  workmen 
the  necessity  of  much  writing.  The  principle  to  which 
the  writer  wishes  to  call  particular  attention  is  that 
the  only  way  in  which  workmen  can  be  induced  to  write 
out  all  of  this  information  accurately  and  promptly 
is  by  having  each  man  ^\Tite  his  own  time  while  on  day 
work,  and  pay  when  on  piece  work,  on  the  same  card 
on  which  he  is  to  enter  the  other  desired  information, 
and  then  refusing  to  enter  his  pay  on  the  pay  sheet 
until  after  all  of  the  required  information  has  been 
correctly  given  by  him.  Under  this  system,  as  soon 
as  a  workman  completes  a  job  and  at  quitting  time, 
whether  the  job  is  completed  or  not,  he  wxites  on  a 
printed  time  card  all  of  the  information  needed  by  the 
planning  room  in  connection  with  that  job,  signs  it, 
and  forwards  it  at  once  to  the  planning  room.  On 
arriving  in  the  planning  room  each  time  card  passes 
through  the  order  of  work  or  route  clerk,  the  balance 
clerk,  the  cost  clerk,  etc.,  on  it  way  to  the  pay  sheet, 
and  unless  the  workman  has  written  the  desired  infor- 
mation the  card  is  sent  back  to  him,  and  he  is  apt  to 
correct  and  return  it  promptly,  so  as  to  have  his  pay 
entered  up.  The  principle  is  clear  that  if  one  wishes 
to    have    routine     clerical   work    done    promptly  and 


correctly  it  should  somehow  be  attached  to  the  pay  card 
of  the  man  who  is  to  give  it.  This  principle,  of  course, 
applies  to  the  information  desired  from  inspectors, 
gang  bosses,  and  others  as  well  as  workmen,  and  to 
reports  required  from  various  clerks.  In  the  case  of 
reports,  a  pay  coupon  can  be  attached  to  the  report 
which  will  be  detached  and  sent  to  the  pay  sheet  as 
soon  as  the  report  has  been  found  correct. 

Before  starting  to  make  any  radical  changes  leading 
toward  an  improvement  in  the  system  of  management, 
it  is  desirable,  and  for  ultimate  success  in  most  cases 
necessary,  that  the  directors  and  the  important 
owners  of  an  enterprise  shall  be  made  to  understand, 
at  least,  in  a  general  way,  what  is  involved  in  the 
change. 

In  addition  to  the  directors  of  the  company,  all  those 
connected  with  the  management  should  be  given  a 
broad  and  comprehensive  view  of  the  general  objects 
to  be  attained  and  the  means  which  will  be  employed. 
They  should  fully  realise  before  starting  on  their  work, 
and  should  never  lose  sight  of  the  fact,  that  the  great 
object  of  the  new  organisation  is  to  bring  about  the 
two  momentous  changes  in  the  men  : — 

First — A  complete  revolution  in  their  mental  atti- 
tude towards  their  employers  and  their  work  ;   and 

Second — As  a  result  of  this  change  of  feeling  such 
an  increase  in  their  determination  and  physical  activity, 
and  such  an  improvement  in  the  conditions  under 
which  the  work  is  done  as  will  result  in  many  cases 
in  their  turning  out  from  two  to  three  times  as  much 
work  as  they  have  done  in  the  past. 

They  must  be  brought  to  see  that  the  new  system 
changes  their  employers  from  antagonists  to  friends, 
who  are  working  as  hard  as  possible  side  by  side  with 
them,  all  pushing  in  the  same  direction,  and  all  helping 
to  bring  about  such  an  increase  in  the  output  and  to  so 
cheapen  the  cost  of  production  that  the  men  will  be 
paid  permanently  from  thirty  to  one  hundred  per  cent* 
more  than  they  have  earned  in  the  past,  and  that  there 
will  still  be  a  good  prolit  left  over  for  the  company. 
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LONDON,  August  20th,  1903. 
The  Paris  Underground  Fire. 

The  terrible  calamity  on  the  Paris  underground, 
by  which  eighty-four  passengers  were  killed,  has 
occurred  at  a  time  when  London  is  being  literally 
mined  with  a  network  of  underground  "  tubes."  It 
is  quite  impossible  to  underrate  its  significance  as 
a  warning  to  the  promoters  of  electrical  railways,  for 
it  will  leave  no  excuse  whatever  to  those  responsible 
for  tube  schemes  who  may  in  future  neglect  to  take  the 
precautions  which  it  has  so  dramatically  enforced i 
It  is  quite  conceivable  that  the  conflagration  was 
rendered  much  more  serious  by  the  driver  of 
the  burning  train  endeavouring  to  push  forward 
through  the  tunnel  in  a  hopeless  attempt  to  reach 
the  terminus  instead  ot  trying  to  extinguish  the 
flames  in  the  open,  but  whether  the  officials  did  or 
did  not  lose  their  presence  of  mind  is  a  secondary 
matter.  The  question  which  comes  uppermost  for 
solution  is  why,  seeing  that  the  risk  of  fire  on  electric 
railways  is  well-known,  have  the  authorities  been 
content  to  make  use  of  dry,  and  resinous  wood  not 
only  for  the  carriages  but  for  the  sleepers  and  the 
railway  platforms  in  the  stations.  Dense  volumes 
of  smoke  from  such  material  in  an  underground  tube 
are  even  more  death-dealing  than  flame,  and  in  the 
Paris  tube  did  their  work  with  fatal  effect. 

One  or  two  other  points  of  little  less  importance  than 
the  employment  of  uninflammable  material  have  also 
been  brought  home  to  the  authorities.  In  a  break- 
down on  an  electric  railway,  a  failure  of  the  light 
opens  up  all  the  elements  of  panic,  and  there  can  be 
little  doubt  that  provision  should  be  made  for  some 
kind  of  auxiliary  luminant  in  such  an  event.  Attention 
has  naturally  reverted  from  the  Paris  railway  to  our 
own  tubes,  present  and  prospective,  and  Mr.  C.  T. 
Yerkes's  prompt  assurances  must  have  been  welcome 
to  many. 

Mr.  Yerkes  on  the  Situation. 

Says  Mr.  Yerkes  in  a  letter  to  the  Times  :  "  I  have 
on  every  occasion  where  I  have  come  before  the  public 
concerning  this  subject  expressed  my  decided  opinion 
that  no  car  should  be  allowed  to  run  in  a  tunnel  where 
the  said  car  is  made  of  combustible  material.  It  is 
simply  impossible  to  equip  cars,  or  anything  else, 
electrically  and  have  them  positively  free  trom  danger 
by  fire  unless  the  material  is  non-inflammable.  This 
has  been  proved  repeatedly  ;  and  no  car  should  be 
allowed  to  go  into  a  tunnel  that  is  not  made  entirely 
of  non-combustible  material. 

■>•■.-•"  1  would  say  that  it  is  a  very  rare  occurrence  for 
a  car  to  be  set  on  fire  directly  from  a  motor.  Fires 
occur  from  a  short  circuit  in  the  wire  connecting  the 
motor  with  other  parts  of  the  train.  These  wires  are 
runTunder  the  body  of  the  car,  and  where  there  is 
anything  wrong,  like  a  faulty  sphce,  which  is  generally 
the  cause  of  fire, ignition  ot  the'woodwork  which  surrounds 
the  arc  must  certainly  take  place.  Iron  tubing  is 
no  protection  whatever.  If  an  electric  wire  be  covered 
with  rul:)ber  or  other  non-conducting  material,  placed 
in  an  iron  tubing,  and  a  short  circuit  or  arc  be  formed, 
by  the  separation  of  the  wire,  the  iron  tube  will  be 
melted,  and  it  will  disappear  the  same  as  though  it 
was  so  much  paper.     Asbestos  or  its  compounds  will 
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be  burnt  or  destroj-ed  wherever  exposed  to  the  arc, 
and  I  'know  of  no  substance  that  will  withstand  the 
heat  of  an  electric  arc. 

"  In  my  opinion,  non-inflammable  wood,  properly- 
treated — and  it  can  be  properly  treated  in  London — 
isTthe  best  material  that  can  be  used.  Holes  can 
be  burnt  in  it,  as  they  can  in  iron,  but  it  will  not  blaze 
or  smoke.  We  have  samples  of  wood  that  have  been 
tested,  and  the  result  has  always  been  the  same.  What 
is  most  desirable  is  a  car  that  will  not  burn  ;  in  fact, 
there  should  be  no  portion  of  it  that  can  create  a  smoke, 
for  this  smoke  is  more  fatal  than  the  flame  itself. 
The  flame  cannot  carry  far,  but  the  smoke  permeates 
everjr  crack  and  crevice. 

"  Another  thing  that  I  believe  is  most  important 
is'^a  system  of  ventilation  that  would  force  air  into 
the  tunnel,  and  draw  the  smoke  or  fcstid  air  from  it. 
There  is  not  the  least  difficulty  in  making  our  tunnels 
and  tubes  perfectly  safe,  indeed,  even  more  so  than 
those  railways  whose  carriages  are  running  on  the 
surface,  from  the  fact  that  where  there  is  nothing 
to  burn  it  is  impossible  to  have  a  fire  ;  and  that  is 
what  we  must  have  in  the  tunnels,  not  only  the  cars, 
but  the  stations  and  every  particle  of  wood  that  goes 
into  them,  no  matter  how  small  or  unimportant, 
must  be  so  treated  that  it  cannot  burn." 

International  Electrical  Congress. 

In  connection  with  the  Universal  Exposition  at 
St?  Louis  next  year,  it  has  been  decided  to  hold  an 
international  electrical  congress  there,  the  time  selected 
being  the  second  week  in  September.  Thus  the 
fixture  will  immediately  precede  the  great  scientific 
■congress  appointed  by  the  Exposition.  The  inter- 
national electrical  congress  will,  according  to  the 
present  plan,  comprise  three  distinct  features  ;  namely, 
a  chamber  of  delegates  appointed  by  governments  ; 
the  main  body  of  the  congress  divided  into  sections  ; 
and  conventions  simultaneously  held  by  various 
electrical  organisations  in  the  United  States.  The 
last  international  electrical  congress  was  held  in  Paris 
in  1900.  The  congress  arrangements  are  in  the  hands 
of  a  committee  of  organisation  consisting  of  thirty- 
three  members,  all  active  representatives  of  American 
•electrical  progress,  and  Professor  Elihu  Thomson  has 
been  elected  i:)resident. 

Canadian  Railway  Enterprise. 

While  we  were  going  to  press  last  month.  Sir  W. 
Laurier  introduced  a  Bill  of  far-reaching  consequences 
into  the  Canadian  Parliament,  providing  for  the  con- 
struction of  a  national  trans-continental  railway. 
The  scheme  combines  a  partly  constructed  Govern- 
ment line  with  a  Government  guarantee  of  the  bonds 
to  be  issued  by  the  Grand  Trunk  to  pay  for  the  rest 
of  the  line.  The  Dominion  authorities  will  build  a 
line  to  run  from  Moncton,  in  the  south-eastern  part 
of  New  Brunswick,  near  the  coast,  to  Winnipeg,  jvVf 
Quebec,  while  the  Grand  Trunk  is  to  continue  the 
road  to  the  Pacific  Coast.  The  portion  of  the  line 
between  Moncton  and  Winnipeg,  a  distance  of  about 
1,700  miles,  for  which  no  surveys  have  yet  been  made, 
will,  it  is  expected,  pass  about  a  hundred  miles  north 
of  Montreal  and  of  the  Canadian-Pacific  line  between 
Montreal  and  Winnipeg,  thus  opening  up  a  section 
of  country  now  practically  uninhabited. 

Sir  W.  Laurier  explained  at  some  length  the  reasons 
which  had  induced  the  Government  to  enter  into  an 
agreement  with  the  promoters  of  the  Grand  Trunk 
Pacific,  the  chief  of  which  were  the  rapid  development 
of  the  Canadian  North-West  and  the  necessity  of 
Canada  being  absolutely   independent   of   the   United 


States.  Repeatedl}'  had  their  neighbours  threatened 
abrogation  of  the  bonding  privilege,  and  although 
Canada  was  now  in  friendly  relations  with  the  United 
States,  yet  one  never  knew  when  in  a  moment  of 
frenzy  those  relations  might  be  strained.  Canada 
would  have  commercial  independence  only  when  this 
line  was  built  to  the  maritime  provinces;  then  she 
would  be  perfectly  safe.  He  claimed  that  the  cost 
to  Canada  of  the  new  railway  would  be  only  §2,000,000 
a  year  for  sev'en  years. 

The  Rise  of  the  Turbine. 

Professor  Ewing's  confident  statement  as  to  the 
future  of  the  steam  turbine  for  marine  propulsion, 
contained  in  his  report  on  the  Tiirbinia,  seems  likely 
to  be  realised  in  fact.  Following  the  successful  per- 
formances of  the  ss.  Queen,  the  Belgian  Government 
have  decided  to  introduce  a  turbine  boat  for  the 
Dover-Ostend  service,  while  of  the  four  fast  steamers 
lately  ordered  by  the  Midland  Railway  for  their 
Belfast  service,  two  are  to  be  fitted  with  Parsons' 
turbines.  In  the  report  referred  to,  the  advantages 
of  the  turbine  w-ere  summed  up  by  Professor  Ewing 
as  follows  : — 

It  is  clear  that  the  substitution  of  turbines  will 
allow  an  immense  reduction  to  be  efiectcd  in  the 
weight  and  size  of  marine  engines,  to  obtain  the  same 
power  ;  and,  further,  that  this  may  be  done  without 
increasing  the  consumption  of  coal.  For  naval  pur- 
poses it  allows  of  the  crowding  into  small  craft  of  an 
amount  of  engine  power  such  as  has  hitherto  been 
impracticable  with  the  attainment  of  correspondingly 
increased  speed.- 

The  general  impression  I  have  formed  from  the 
trials  is  entirely  favourable  to  the  prospects  of  this 
novel  method  of  marine  propulsion.  The  mechanical 
simplicity  of  the  turbines,  and  the  absence  of  exposed 
parts  and  of  working  joints  will  go  far  to  secure  them 
against  breakdowns.  They  have  a  distinct  advantage 
over  ordinary  engines  in  first  cost,  in  probable  cost 
of  maintenance,  and  in  cost  of  attendance,  as  well 
as  in  bulk,  in  weight,  and  in  freedom  from  vibration. 
There  appears  no  reason  to  doubt  that  in  regular 
use  at  sea  their  running  will  be  as  consistently  steady 
and  good  in  every  way  as  it  has  been  throughout 
these  trials. 

The  application  of  steam  turbines  to  torpedo-boats, 
destroyers,  gunboats,  and  cruisers  is  to  be  anticipated 
from  their  unique  capacity  for  developing  great  power 
and  high  speed  with  light  and  compact  machinery. 
Apart,  however,  from  these  uses,  it  appears  to  me 
highly  probable  that  they  will  in  time  be  adopted 
in  ttie  Mercantile  Marine.  The  conditions  in  a  fast 
passenger  steamer  are  favourable  to  the  economical 
application  of  steam  turbines,  and  in  such  steamers, 
the  smoothness  of  their  running  will  be  a  strong 
recommendation.  I  see  no  drawback  likely  to  detract 
from  their  advantages  which  they  plainly  possess. 

The  Trade  of  Natal. 

The  launching  of  the  new  floating  dock,  built  by 
Messrs  C.  S.  Swan  and  Hunter  to  replace  the  dock 
which  was  wrecked  during  its  passage  out  to  Durban, 
is  a  matter  of  more  than  ordinary  importance  to 
Natal,  for  at  present  there  is  no  graving  dock  between 
Cape  Town  and  Mauritius— a  distance  of  2,000  miles- 
After  the  launch  Sir  Walter  Peace,  Agent-General 
in  London  for  Natal,  voiced  a  happy  augury  for  the 
future  of  the  colony,  which  he  said,  had  no  chance  of 
improving  trade  under  the  Kruger  regime,  as  com- 
pared with  Cape  Colony.  The  Cape  Government  and 
the  old  Pretoria  Government  were  in  such  close  sym- 
pathy  that  the  trade  went  with  the  sympathy,   and 
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but  little  development  could  take  place  in  Natal. 
Now  that  the  Transvaal  was  under  the  British  Hag, 
Natal  would  have  a  chance.  The  port  of  Durban  was 
200  miles  nearer  Johannesburg  than  any  other  British 
port,  so  they  might  be  tolerably  sure  that  the  prosperity 
of  Natal  would  be  greater  in  the  future  than  it  had  been 
in  the  past.  The  tonnage  of  steamers  and  sailing 
vessels  in  the  port  last  year  was  2,000,000  ;  and  it 
•would  be  quite  possible  to  find  work  for  four  or  live 
docks  of  similar  dimensions  if  they  were  available. 
It  was  mentioned  that  Natal's  imports  for  the  past 
six  months  had  been  ;^8,ooo,ooo,  and  the  exports, 
;^5,5oo,ooo — a  ver^^  large  increase  over  the  correspond- 
ing period  of  last  year. 

The  English  Charlottenburg. 

Despite  the  fact  tliat  the  scheme  of  higher  technical 
education  propounded  by  Lord  Rosebery  is  still  in 
embryo,  there  have  not  been  wanting  criticisms  upon 
its  general  tenor.  For  instance,  Mr.  T.  Bailey 
Saunders  points  out  that  if  a  new  technical  college  is 
built  with  the  money  now  available,  on  four  acres 
at  South  Kensington,  or  is  maintained  even  at  the 
start  with  £20,000  a  year,  or  is  restricted  to  the  subjects 
mentioned,  it  will  be  a  small  aflair  compared  with 
its  great  exemplar  at  Berlin.  Mr.  Saunders  also 
urges  that  in  spite  of  the  intention  which  Lord  Roseberj^ 
mentions,  that  it  should  not  duplicate  or  overlap 
any  instruction  provided  at  present  ;  in  spite  of  the 
proposal  that  it  should  work  "  in  close  co-operation  " 
with  other  colleges,  it  must  inevitably,  to  some  extent, 
enter  into  competition  with  them,  and  to  that  extent 
promote  a  waste  of  energy.  He  submits  that  at  the 
present  time  in  London  we  should  spend  only  what 
is  absolutely  required  on  bricks  and  mortar,  and  as 
much  as  possible  on  men.  "  It  is  men,  and  not  build- 
ings that  make  a  University.  Improve  the  positions 
of  professors  and  other  teachers,  render  them  more 
attractive,  put  them  on  a  level  with  similar  positions 
in  other  careers,  and  induce  the  best  talent  that  the 
country  can  supply  to  come  to  London  and  to  stay 
there. 

Where  better  laboratories  or  appliances  can  be 
used  with  advantage,  provide  them  ;  but,  if  possible, 
first  improve  those  that  exist.  If  an  institution,  or 
a  department  of  an  institution,  is  already  doing  good 
work,  and  more  and  better  work  is  needed,  help  the 
governing  body  to  meet  the  demand,  and  do  not 
make  the  mistake  of  setting  up  another  institution 
■with  a  similar  object  next  door."  In  conclusion,  he 
asks  "  Cannot  the  City  and  the  County  Council 
join  hands,  and  extend  and  improve  the  existing 
institution  at  South  Kensington,  together  with  such 
departments  of  King's  and  University  Colleges  as 
provide  instruction  both  in  the  theory  and  in  the  appli- 
cation of  science  ?  In  this  way,  at  least,  a  waste  of 
energy  would  be  avoided,  pernicious  competition 
would  be  stayed,  and,  what  would  be  the  most  valuable 
result  of  all,  science  itself  the  mistress  of  the  house, 
would  be  encouraged  as  well  as  the  hand-maid  tech- 
nology." 

No  doubt,  the  promoters  of  the  scheme  will 
welcome  all  the  constructive  criticism  they  can  get. 
Mr.  Saunders  is  obviously  actuated  by  a  keen  desire 
to  see  the  utmost  advantage  taken  of  the  munihcent 
gift  which  has  been  made  to  the  nation,  and  his  remarks 
are  tendered  in  a  friendly  and  apjireciative  spirit,  but 
we  doubt  if  the  scheme  is  yet  sufiiciently  atlvanced 
for  effective  criticism. 


Sip  Fortescue  Flannery,  M.P.,  on  British  Trade. 

On  the  occasion  of  tlic  award  of  certilicatcs  at  the 
Crystal  I'alace  School  of  Engineering,  Sir  Fortescue 
Flannery,  M.P.,  was  able  to  speak  in  an  optimistic  vein 
of  the  future  of  technical  education  in  this  country, 
though  he  deplored  its  neglect  in  the  past.  We  had, 
he  said,  a  rude  awakening  a  short  while  ago  by  seeing 
our  markets  flooded  with  the  productions  of  other 
countries,  and  some  of  our  trades  seriously  injured 
by  foreign  competition,  and  Englishmen  began  to 
look  about  to  see  how  such  a  state  of  things  could 
be  remedied.  The  first  and  most  important  step 
towards  that  end  was  obviously  to  improve  the  technical 
education,  not  only  of  our  artisans,  but  also  of  those 
of  the  higher  grades  who  would  have  to  direct  those 
artisans.  He  did  not  think  the  injury  that  had  been 
done  to  our  trade  could  be  exaggerated.  In  his  own 
daily  work,  he  was  sorry  to  tell  them,  he  had  had  to 
sanction,  within  the  last  few  months,  German  manu- 
factured plates  worked  into  British-made  boilers, 
and  German  forgings  worked  into  the  shafting  of 
British-built  engines.  The  reason  he  had  to  do  so 
was  simply  this — that,  if  he  had  objected  to  the  German- 
made  boiler-plates  and  shafting,  it  would  have  been 
impossible  for  the  British  contractor  to  have  competed 
successfully  with  the  German  contractor  for  the  whole 
of  the  work  instead  of  only  a  part  of  it.  It  was  a 
startling  fact  that  the  British  manufacturer  or  con- 
tractor could  not  compete  with  the  German  and  Ameri- 
can unless  he  incorporated  German  material  into  the 
work  he  had  to  execute,  and  it  ought  to  convince 
everybody  of  the  importance  and  urgency  of  thorough 
technical  instruction  in  our  schools.  The  German 
method,  system  of  organisation,  and  technical  training 
were  remarkable,  and  he  believed  their  success  was 
as  much  due  to  that  as  to  the  superior  scientific  and 
technical  knowledge  in  the  case  of  many  of  their 
leading  managers  and  engineers.  We  were  now 
moving  in  the  right  direction,  however,  and  he  was 
sure  we  should  overtake  the  Germans  in  regard  to 
technical  knowledge,  but  whether  we  should  do  so 
with  respect  to  organisation  and  method  he  was  not 
quite  so  sure.  Technical  education  was  now  being 
carried  out  in  the  country  on  the  right  lines,  and  we 
should  soon  feel  the  benefit  of  it. 

Technical  Education  Finances. 

A  return  was  recently  issued  with  reference  to  the 
application  by  local  authorities  of  funds  to  the  purposes 
of  technical  education  under  the  Local  Taxation 
(Customs  and  E.xcise)  Act,  1890,  and  other  .\cts. 
This  shows  that  the  total  amount  expended  on  technical 
education  in  England  and  Wales  during  the  year 
1901-2  was  ^^1,057,399.  This  amount  is  exclusive 
of  the  sums  allocated  to  intermediate  and  technical 
education  under  the  Welsh  Intermediate  Education 
Act,  1889,  The  amount  raised  by  loan  on  the  security 
of  the  local  rate  under  the  Technical  Instruction 
Acts  was  £206,426,  the  amount  of  loans  (so  raised) 
outstanding  was  £1,030,952,  and  the  balance  in  hand 
of  moneys  received  and  allocated  to  technical  instruc- 
tion was  £;658,3i9  i6s.  The  total  amount  of  the 
residue  received  under  the  Local  Taxation  (Customs 
and  E.Kcise)  Act  by  the  councils  of  counties  and  county 
boroughs  in  England  (excepting  the  county  of  Mon- 
mouth) in  respect  of  the  financial  year  1901-2  was 
£855,257,  of  which  ;^8i7,969  ^vas  appropriated  to 
educational  purposes,  and  iiJ'-'^J  to  relief  of  rates,  the 
latter  sum  including  £16,809  devoteil  by  the  London 
County   Council  to  relief  ot  rates. 
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IN  August  those  interested  in  the  Navy  turned 
their  thoughts  naturally  to  the  manoeuvres  ;  the 
trials  of  men  and  material  on  a  large  scale.  It  is 
surprising,  when  one  looks  back,  that  it  is  less  than 
twenty  years  ago  that  naval  manoeuvres  were  in- 
vented. Prior  to  that  time  officers  and  men,  whatever 
their  grades  or  ratings,  were  subject  to  examinations 
in  so  far  as  the  routine  work  of  the  week  was  concerned, 
varied  by  the  exigencies  of  nature's  moods  and  a  sea 
profession,  but  were  put  to  no  trial  or  test  to  ascertain 
their  capacity  for  actual  manoeuvring.  Ships,  too, 
were  tried  singly,  and  now  and  again  there  might 
be  a  steaming  match  between  a  few  of  them,  but 
anything  like  the  manoeuvres  such  as  we  are  now  so 
familiar  with,  was  quite  unknown. 

The  Naval  manoeuvres  of  1903  will  be  noteworthy 
for  several  reasons.  In  the  first  place,  the  number 
of  vessels  engaged  was,  numerically  speaking,  larger 
than  anything  that  has  ever  been  attempted  before. 
There  were  two  independent  sets  of  operations,  in 
one  of  which  only  the  heavier  craft  took  part,  and  in 
these  there  were  no  fewer  than  twenty-six  battleships- 
of  which  the  only  two  that  might  be  considered  other- 
wise than  first  class  were  the  Benbow  and  the  Sans  Pareil. 
Of  the  Benbow,  it  was  noted,  however,  that  out  of  a 
fleet  of  seven  ships,  she  was  the  only  one  which  kept 
up  the  speed  of  13  knots  in  the  four  days'  steaming 
from  Berehaven  to  a  rendezvous  near  the  Azores- 
The  cruisers,  numbering  forty-three  all  told,  included 
some  of  the  newest  and  most  powerful  vessels  of  that 
type  in  the  world.  The  following  table  shows  the 
composition   of   these   fleets  . — 

B  FLEET. 
Vice-Admi:al  Sir  A.   K.  Wilson,  V.C,  K.C.B. 


Hi  1 

V\CQ\. 

Buttlc^Iiips. 

Cnu'scrs. 

Baltlcships. 

Cruisers. 

Kevenjie 

Good  Hope 

Benbow 

Venus 

(Flaj;) 

(Flag) 

Sans  Pareil 

iMelampus 

Empress  of 

Drake 

Latoiia 

India  (Flag) 

Sutlcj 

Apollo 

Royal  Oak 

Hogue 

Andromache 

Royal  Sove- 

Edgar 

.4-:oius 

reign 

Hawke 

Medea 

Hood 

Dido 

Medusa 

B2 

Fleet. 

Battleships. 

Cruisers. 

Battleships. 

Cruisers. 

Majestic 

Europa 

Jupiter 

Sappho 

(Flag) 

Dons 

Hannibal 

Prometheus 

Magnificent 

Hermes 

Prince  Georgt 

(Flag) 

Minerva 

Repulse 

Mars 

Rainbow 

Ramillies 

X  FLEET. 
Admiral  Sir  Compton  Domvile,  G.C.V.O.,  K.C.B. 


Ba'.Ucshifs. 
Bulwark 
_  (F^lag) 
Venerable 

(Flag) 
London 
Formidable 
Implacable 
Irresistible 
Russell 
Exmouth 
Cctsar 


Cruisers, 
Bacchante 

(Flag) 
King  Alfred 
Aboukir 
Powerful 
Imperieuse 
Diadem 
Spartiate 
Blake 
Diana 
Gladiator 


Battleships. 

Illustrious 

Renown 


Cruisers. 
Vindictive 
Hermione 
Naiad 
Intrepid 
Iphigenia 
Spartan 
Scylla 
Pandora 
Pioneer 
Pyramus 
Pegasus 


The  other  series  of  operations  took  place  inde- 
pendently in  the  Irish  Channel,  and  engaged  in  them 
were  no  fewer  than  sixty-one  destroyers,  thirty-seven 
torpedo  boats,  and  twenty-seven  other  vessels.  In  the 
two  series  of  operations,  therefore,  altogether  one 
hundred  and  ninety-five  vessels,  apart  from  certain 
auxiliary  ships  for  the  service  of  the  umpires,  were 
flying  the  pennant.  It  will  tend  to  lucidity  if  I  describe 
the  fleet  manoeuvres  first,  and  then  the  other  operations ; 
although  the  two  must  be  taken  together  in  making 
an  estimate  of  the  value  obtained  from  these  huge 
undertakings. 

The  two  opposing  sides  in  the  operations  were 
known  as  B  and  X  respectively,  X  being  represented 
by  a  powerful  fleet  concentrated  at  a  single  port 
(Lagos  Bay),  while  B  was  represented  by  two  fleets 
known  as  Bi  (Berehaven)  and  B2  (Madeira),  stationed 
at  ports  1,200  miles  apart.  Bi  and  B2  fleets  were 
each  of  them  inferior  in  number  and  speed  to  the 
X  fleet.  But  when  combined  they  were  superior 
in  numbers  to  the  X  fleet,  both  as  regards  battleships 
and  cruisers.  The  composition  of  each  of  these  fleets 
will  be  seen  in  the  table  above.  Generally  speaking 
the  speed  of  the  Bi  battleships  might  be  put  at  12J 
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knots,  that  of  the  B2  battleships  at  14^^,  and  that  of  the 
X  at  16^.  Many  of  the  cruisers  on  both  sides  had  an 
estimated  speed  of  over  seventeen  knots,  and  some 
of  them  much  higher.  The  position  of  the  three 
fleets,  as  has  just  been  described,  and  the  general  idea  of 
what  was  to  take  place  is  ofhcially  stated  in  this 
way  : — 

"  The  contest  for  the  command  of  the  sea  between 
two  maritime  countries  B  and  X  has  been  in  progress 
for  some  time.  In  the  waters  approximately  between 
Gibraltar  and  Madeira  X  has  been  victorious,  and  B 
driven  with  loss  into  his  defended  port  at  Madeira- 
In  Northern  waters,  however,  B  has  so  effectually 
disposed  of  the  enemy's  fleet  that  he  is  able  to  despatch 
a  force  (Bi)  to  the  South  for  the  purpose  of  combining 
with  his  available  forces  at  Madeira  (B2),  and  then 
engaging  X,  known  to  be  concentrating  at  Lagos." 

X  occupied,  therefore,  at  the  moment  when  hostili- 
ties were  to  be  resumed,  an  interior  position  on  the 
Hank  of  the  line  of  communication  between  Bi  and 
B2,  and  was  at  the  same  time  nearer  to  B2  than  to 
Bi.  The  Admiral  in  command  of  X  was  aware 
of  the  date  upon  which  Bi  would  put  to  sea,  and  he 
knew  also  when  B2  would  be  ready  to  leave  port, 
and  his  own  cruisers  were  free  to  commence  their 
operations  at  the  same  time  as  his  enemy  left  Bere- 
haven.  The  Admiral  of  B,  on  the  other  hand,  had 
already  furnished  his  Vice-Admiral  in  command  of 
B2  fleet  with  written  instruction  as  to  the  manner 
of  effecting  a  junction  with  him  at  a  given  rendezvous, 
but  the  nature  of  these  instructions  was,  of  course, 
a  secret  to  X.  In  short,  the  paramount  object 
of  the  B  divisions  was  to  effect  a  junction,  and  that 
of  X  to  use  his  superior  force  to  destroy  one  of  them 
before  this  could  be  accomplished. 

The  war  began  on  August  5th,  at  eight  o'clock  in 
the  morning,  when  simultaneously  Sir  Arthur  Wilson, 
with  the  Bi  fleet,  left  Berehaven,  and  Sir  Baldwin 
Walker,  with  the  cruisers  of  the  X  fleet,  left  Lagos 
in  order  to  watch  the  enemy  (B2)  at  Madeira.  The 
cruisers  of  the  B2  fleet  left  Madeira  at  the  same  time 
in  order  to  get  in  touch  as  soon  as  possible  with 
their  friends  coming  from  Berehaven.  The  rendezvous 
which  Sir  Arthur  Wilson  had  fixed  upon  for  the  two 
divisions  of  his  fleet  to  meet  was  in  lat.  ^9^'  15"  N., 
long.  29"^  30"  W.,  at  a  point  some  fifty  miles  to  the 
.north-west  of  the  Island  of  Fayal  in  the  Azores. 
This  point  he  hoped  to  reach  at  midnight  on  Saturday, 
August  8  th,  B2  fleet  having  been  ordered  to  leave 
Madeira  at  noon  on  August  6th,  and  to  steam  for  that 
point  at  a  speed  of  fourteen  knots.  The  X  cruisers 
were  ordered  by  Sir  Compton  Domvile  to  form  a  chain 
disposed  from  Madeira  to  a  rendezvous  two  hundred 
and  sixteen  miles  north  of  Madeira,  and  three  hundred 
and  sixty-six  west  of  Lagos  ;  towards  this  spot  fleet 
X  steamed  at  the  rate  of  fifteen  knots  when  it  left 
Lagos  at  four  o'clock  on  the  morning  of  August  6th. 
Early  on  the  following  morning  intelligence  was  passed 
along  the  chain  of  cruisers  that  B2  had  left  Madeira 
and  was  one  hundred  miles  west  of  that  island  steering 
towards  the  Azores.     The  X  fleet  then  altered  course 


due  west,  continuing  on  a  line  which  would  cross 
the  supposed  path  of  B2.  The  X  cruisers  kept 
their  Admiral  acquainted  with  the  movements  of 
B2  up  to  the  morning  of  August  8th,  the  Bacchante  of 
the  X  fleet  witnessing  the  junction  of  Bi  and  B2 
fleets,  seventy-live  miles  north  of  Fayal  at  about 
7  p.m.  on  August  8th.  That  evening  the  Bacchante 
was  chased  by  the  Good  Hope,  one  of  the  B  cruisers, 
and  after  an  engagement  both  ships  returned  to 
Lagos  out  of  action.  It  will  be  noted  that  the  junc- 
tion of  the  two  fleets  took  place  a  little  bit  further 
north,  and  a  few  hours  earlier  than  was  anticipated. 
At  one  p.m.  on  Sunday,  the  9th  (the  following  day), 
the  two  fleets,  X  and  B,  met  in  lat.  39"  40'  N.  and 
long.  26*^"  27"  W.,  and  an  action  took  place.  At  the 
time  of  the  battle  the  B  fleet  consisted  of  fourteen 
battleships  and  fourteen  cruisers,  the  absentee  battle- 
ship being  the  Raniillies,  which  had  been  left  behind 
at  Madeira,  while  the  X  fleet  consisted  of  ten  battle- 
ships and  four  cruisers,  the  battleship  Exmonth  having 
broken  down  and  been  left  behind.  Sir  Compton 
Domvile's  ships  having  superior  speed,  he  engaged 
the  leading  ships,  which  happened  to  be  those  of 
the  Channel  Fleet  of  the  enemy's  line,  and  he  claimed 
to  have  put  four  of  these,  the  Magnificent,  Prince 
George,  Hannibal  and  Mars,  out  of  action  ;  he  con- 
ceded, however  that  the  enemy  had,  on  the  other 
hand,  put  three  of  his  ships,  those  in  the  rear  of  his  line, 
the  Renown,  Ceesar,  and  Illustrious,  hors  de  combat. 

Assuming  that  this  was  the  result  of  the 
action,  it  could  not  be  called  a  victory  for  B,  since 
Admiral  Domvile  was  left  with  the  seven  best  ships 
he  had  got,  whereas  Admiral  Wilson's  remaining 
ten  were  of  less  power  and  less  speed.  Quite  apart 
from  this  point  must  be  considered  the  value  of  the 
operations.  The  proper  purpose  of  all  manoeuvres 
is  not  victory,  but  instruction,  and  this  is  true,  of 
course,  as  much  of  the  torpedo  operations  as  of  those 
just  described. 

Turning  to  the  torpedo  operations  in  the  Irish 
Channel,  the  opposing  fleets  were  described  as  the 
Red  and  Blue  sides.  To  the  Blue  side  was  allotted 
the  Eastern  coast  of  Ireland  from  Malin  Head,  on  the 
North,  to  Brow  Head  on  the  South,  and  in  addition 
Lundy  Island  in  the  Bristol  Channel,  with  its  adjacent 
waters  within  specified  limits.  The  territory  of  the 
Red  side  extended  from  the  Mull  of  Kintyre  on  the 
West  coast  of  Great  Britain,  down  to  and  including  the 
Scilly  Islands.  Four  impregnable  ports  were  given 
to  the  Blues,  Carrickfergus,  Kingstown,  Waterford, 
and  Lundy  Island,  and  one  other,  Queenstown,  which, 
although  fortified,  was  open  to  attack.  Similarly,  the 
Reds  had  three  impregnable  ports,  Loch  Ryan,  Holy- 
head, and  the  Scillies,  while  Milford  could  be  entered 
by  the  enemy,  although  defended  by  forts  and  ships. 
The  force  given  to  the  Blue  side  was,  for  active 
service,  four  cruisers,  five  torpedo  gunboats,  and 
thirty-seven  destroyers,  while  the  Reds  had  nine 
gunboats,  twenty-two  destroyers,  and  thirty-seven 
torpedo  boats.  Restrictions  were,  however,  placed 
upon  the  speed  and  coal  supply  of  the  Red  destroyers. 
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in  order  that  tliej^  should  be  assumed  to  be  torpedo 
boats.  Depot  ships  were  placed  in  each  of  the 
ports  to  mother  the  small  craft,  but  these  were  to 
take  no  active  part  in  the  war. 

The  scheme  of  operations  supposed  that  the  Blues 
were  watching  the  Red  ports,  and  for  this  purpose 
every  night  they  sent  out  three  cruisers  to  patrol 
the  water  in  the  vicinity  of  these  ports  ;  furthermore, 
as  a  protection  to  the  cruisers  a  force  of  destroyers 
was  also  placed  opposite  each  port,  but  between 
them  and  the  cruisers.  The  fourth  cruiser  remained 
at  anchor  at  Queenstown,  as  another  bait  to  the 
Red  torpedo  boats.  Net  only  was  this  scheme  a  new 
one,  but  another  novelty  was  introduced  by  obliging 
each  side  to  direct  its  operations  from  a  single  head- 
quarters, the  Blues  working  through  the  Post  Office 
and  Telegraph  Department  from  Kingstown,  and  the 
Reds  from  Holyhead.  It  was  the  object  of  the  Red 
side  to  torpedo  the  Blue  cruisers,  and  as  these  repre- 
sented a  larger  cruiser  force  out  of  reach,  substitutes 
were  found  for  them  every  time  that  they  were 
destroyed  ;  if  the  Reds  succeeded  in  their  action. 
A  number  of  rules  were  prescribed  to  govern  the 
engagements  and  their  results.  Every  vessel,  for 
instance,  except  the  cruisers,  had,  for  purposes  of 
identification,  a  secret  number  or  letter  displayed 
prominently  in  such  a  position  and  of  such  a  size 
that  it  could  be  deciphered  with  the  aid  of  a  glass 
at  certain  specified  distances.  If  these  numbers  were 
deciphered  by  the  other  side,  whether  from  the  ships 
or  from  the  shore,  it  had  the  effect  of  putting  the 
vessel  bearing  it  out  of  action. 

As  a  result  of  the  manoeuvres  three  of  the  cruisers 
were  put  out  of  action,  the  watching  vessel  being 
torpedoed  on  two  occasions,  while  on  another  night 
the  flotillas  from  a  couple  of  the  Red  ports  combined 
in  an  attack  upon  the  cruiser  at  Queenstown,  and 
succeeded  in  destroying  her.  There  were,  of  course, 
during  the  week's  war,  considerable  losses  on  both 
sides  ;  the  Blues,  in  addition  to  their  three  cruisers, 
lost  two  gunboats  and  twenty-one  destroyers,  while 
on  the  other  hand  the  Reds  lost  four  gunboats  and 
twenty-four  torpedo  boats.  The  real  lessons  of  the 
operations,  however,  were  not,  as  I  have  already 
remarked,  a  question  of  defeat  or  victory  on  either 
side,  but  were  gained  from  the  experimental  work 
which,  by  its  teaching,  elucidated  as  far  as  is  possible 
in  peace  manoeuvres  the  conditions  of  torpedo  craft 
warfare. 

The  results  of  both  series  must  he  held  to  l)e  entirely 
satisfactory,  most  instructive,  and  very  valuable. 

I.  .ij 

GREAT     BRITAIN. 

Two  very  importani  announcements  referring  to 
the  battleship  programme  of  this  country  were  made 
in  the  House  of  Commons  during  August,  when  it  was 
.  stated  by  the  Secretary  of  the  Admiralty  that  three 
new  battleships  would  be  laid  down  in  April  next, 
one  at  each  of  the  three  chief  public  establishments^ 
Replying  to  another  question  he  said  :      "  It  is  antici- 


pated that  the  battleships  of  the  1903-4  programme 
will  be  laid  down  well  before  the  conclusion  of  the 
present  year."  The  vessels  to  be  laid  down  at  the 
public  3^ards  will  be  those  of  the  1904-5  programme. 

The  battleship  Montagu  has  been  placed  in  com- 
mission, and  has  gone  to  the  Mediterranean  Station. 
It  does  not  now  seem  likely  that  any  vessels  of  this 
class  will  be  sent  to  the  China  Station  as  was  originally 
rumoured,  and  it  is  to  be  hoped  that  two,  if  not  all 
three  of  the  others,  will  follow  the  EiisseU,  Exniouth 
and  Montagu  to  the  Mediterranean. 

The  Montagu  was  laid  down  on  November  23rd, 
1899,  at  Devonport.  She  was  sixteen  months  on 
the  stocks,  and  another  twenty-seven  completing, 
so  that  in  all  she  has  taken  forty-three  months  to 
build.  Her  machinerv  is  by  Messrs.  Laird  Brothers, 
and  consists  of  two  sets  of  four-cylinder  inverted 
triple-expansion  engines,  actuated  by  steam  from, 
twenty-four  Belleville  boilers,  with  economisers,  and 
developing  18,000  h.p..  The  grate  area  is  1,375 
square  feet  and  the  heating  surface  43,260  square 
feet.  The  Albemarle,  which  is  a  sister  ship,  has  just 
completed  her  gun  trials  in  the  Channel.  They  were 
carried  out  by  the  experimental  staff  of  the  Excellent, 
and  gave  most  satisfactory  results^ 

Turning  to  armoured  cruisers,  I  note  that  the 
Admiralty  have  issued  specifications  for  the  three 
vessels  of  the  Duke  of  Edinburgh  type  which  are  to 
be  built  by  private  firms.  Tenders  have  also  been 
called  for  for  the  machinery  of  the  fourth  vessel  of 
this  year's  programme  which  is  to  be  built  at  Pembroke. 
The  Duke  of  Edinburgh  I  have  already  described,  and 
it  is  therefore  needless  to  recapitulate  the  points  of 
this  class. 

The  first  cruiser  of  the  County  class  has  been  com- 
missioned, Captain  D.  A.  Gamble  hoisting  the  pennant 
on  the  Js^ent  on  August  ist.  She  ha,s  been  forty  one 
months  under  construction,  but  her  completion  has 
been  delayed  by  the  changes  wliich  have  had  to  be 
made  in  the  size  of  her  propeller  blades,  to  enable  her 
to  reach  her  designed  speed  of  23  knots. 

Another  vessel  of  this  class — the  Donegal — has 
recently  completed  her  trials,  and  has  gone  back  to 
the  builders  to  be  completed  for  sea.  On  her  thirty 
hours'  one-fifth  power  trial  her  engines  developed 
4,674  h.p.,  giving  her  a  speed  of  147 5  knots, 
the  revolutions  averaging  88"8.  At  the  three-fourths 
power  trial  the  figures  were  16,333  i-h.p.,  22-30  knots, 
and  1 36*4  average  revolutions.  On  the  eight  hours' 
full  power  trial  at  sea  she  reached  a  speed  of  23,737 
knots  with  22,154  h.p.,  this  making  her  the  fastest 
vessel  of  her  class,  but  not  as  has  been  stated  the 
fastest  cruiser  of  the  British  Navy,  this  record  being 
held  by  the  Drake,  with  24*25  knots.  The  guns  and 
mountings  came  very  successfully  through  their 
tests,  the  torpedo  gear  being  also  satisfactory. 

The  steadiness  of  the  ship  during  the  firing  of  the 
large  6-ini  guns  was  commented  on,  but  the  gun 
sights  for  these  pieces  were  found  to  be  very  faulty, 
and  will  need  to  be  replaced*  The  Lancaster  was 
also   under  trial  during  August,   and  at   the   time  of 
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writing  the  Cumberland  is  ready  to  leave  the  con- 
tractors' hands  for  Portsmouth. 

The  second  class  cruiser  Encounter,  launched  in 
June  of  last  year  is  being  made  ready  for  commissioning, 
and  should  shortlj-  take  her  place  in  the  Fleet  Reserve. 
The  third  class  cruiser  Topaze  was  launched  at  the 
yard  of  ^Messrs.  Laird  Brothers  on  July  23rd.  This 
vessel,  the  first  of  four  to  take  the  water,  is  360  ft. 
long  by  40  ft.  beam.  Displacing  3,000  tons,  she 
carries  twelve  4-in.  quick-liring  and  eight  3pounder 
guns,  and  is  designed  for  2175  knots^  Her  boilers  are 
of  the  Laird  water  tube  type,  those  in  her  sister 
sliip,  the  Amethvst,  building  at  Elswick,  being  Yarrow. 
Her  engines  are  the  Parsons'  steam  turbine,  and  the 
normal  coal  capacity  is  300  tons. 

The  four  scouts  of  this  year's  programme  are  to 
be  built  by  JNIessrs.  Mckers,  Sons  and  Maxim,  Ltd., 
Laird  Bros.,  Ltd.,  Armstrong,  Whitworth  and  Co., 
and  the  Fairfield  Shipbuilding  Company,  respectively. 
They  will  be  the  same  in  all  respects  as  the  four  vessels 
now  under  construction,  and  special  steel  of  high 
tensile  strength  will  be  used  for  their  hulls. 

The  destroyers  BlackiL'ater,  Usk,  and  Cherwell  have 
been  launched  by  Me^srS:  Laird  Bros.,  Yarrow  and  Co., 
and  the  Palmer  Shipbuilding  Company,  respectively^ 

GERMANY. 

The  past  month  has  been  another  quiet  one  in 
German  naval  circles,  the  only  event  of  importance 
being  the  launch  of  the  cruiser  Bremen  (ex  "  L  ") 
at  the  Weser  Yards,  Bremen.  She  was  the  first  of  a 
new  class  of  cruisers  to  take  the  water,  being 
followed  on  July  25th  by  the  Hamburg  (ex  "  K "), 
which  was  on  the  stocks  at  the  Vulcan  Yard,  Stettin. 
There  is  one  other  building,  known  at  present  as  "  M," 
which  is  to  replace  the  old  Lieben,  These  vessels 
are  somewhat  similar  in  design  to  the  Gazelle  class, 
but  they  differ  in  displacement.  They  are  361  ft. 
long  and  41  ft.  wide,  while  the  draught  is  i6"4  ft; 
They  displace  3,000  tons,  and  carry  sufficient  coal 
to  give  them  a  radius  of  action  of  5,000  miles  at  half 
speed.  The  indicated  horse  power  will  be  7,500,  giving 
them  a  maximum  speed  of  22  knots.  The  armament 
will  consist  of  ten  4'i3-in.  and  twelve  i'45-in.  guns, 
and  two  i7*7-in.  torpedo  tubes.  Three  others  of 
this  class  are  projected,  but  details  as  to  their  building 
have  not  yet  been  made  public. 

The  German  Naval  Manoeuvres  this  year  consist  of 
tactical  exercises,  scouting  and  blockade  evolutions 
from  August  15th  to  the  end  of  the  month,  and 
strategic  manoeuvres  in  the  North  Sea  during  the 
first  five  days  of  September.  These  will  conclude 
with  a  forced  draught  run  to  Kiel,  where  the  ships 
will  recoal,  subsequently  proceeding  to  the  Baltic 
for  more  tactical  manneuvres,  finishing  with  a  grand 
attack  on  Kiel. 

RUSSIA. 

The  C('sari'vitch,  battleship,  to  which  I  made  reference 
ast  month,  has  now  left  the  builders'  hands,  in  charge 
of  a  Russian  navigating  party*  As  I  stated  before  she 
succeeded  in  attaining   a  speed  of   i8'25   knots  after 


the  alterations  to  her  propeller  blades,  but  later  reports 
from  Toulon  seem  to  indicate  that  she  is  capable 
of  a  better  speed  than  that.  Her  engines  only  de- 
veloped 15,800  h.p.,  which  is  900  less  than  their  full 
capacity,  and  when  working  at  full  power  in  her  final 
trials,  she  made  in  a  twelve  hours'  run  iSv^  knots, 
and  at  one  time,  indeed,  was  going  at  over  19  knots. 

The  new  battleship  Slava  is  now  ready  to  take  the 
water,  and  should  have  been  launched  before  these 
notes  appear.  She  is  sister  ship  to  the  Borodino  and 
Orel,  details  of  which  I  have  already  given  in  these  notes.- 

Two  more  torpedo-boat  destroyers  have  just  been. 
launched — the  Lavidni  and  Lavetni  at  the  Nicolaieff 
Steel  Works. 

It  has  been  stated  on  very  good  authority  that 
Russia  has  now  -even  submarines  completed,  and 
that  two  submersibles  are  also  just  finishing  their  trials. 

UNITED     STATES. 

A  slight  disagreement  has  arisen  among  the  members 
of  the  Board  of  Construction  as  to  the  proper  design 
for  the  new  battleships  Idaho  and  Mississippi,  details 
of  which  I  gave  last  month.  The  design  was  drawn 
up  and  submitted  to  the  Secretary  for  the  Navy  in 
the  absence  of  Rear-Admiral  K.  B.  Bradford,  who 
has  lodged  an  objection  to  the  design,  since  in  his 
opinion  16  knots  and  1,750  tons  coal  capacity  is  insuffi- 
cient on  a  displacement  of  13,000  tons.  With  this 
opinion  I  am  fain  to  agree,  and  those  who  have  followed 
these  notes  will  remember  my  belief  that  when  prac- 
ticable armour  and  armament  should  be  sacrificed 
within  reason  for  speed.  A  comparison  between 
the  design  of  the  Idaho  and  the  C'sar^'vitch  will  be 
seen  to  give  some  interesting  results.  The  design 
has  been  approved  by  the  Secretary  for  the  Navy 
however^ 

The  battleships  Rhode  Island  and  New  Jersey,  of 
the  New  Jersey  class,  are  progressing  rapidly,  and  the 
Virginia  is  also  in  a  very  forward    state. 

The  Louisiana,  battleship,  has  progressed  much, 
more  rapidly  than  the  Connecticui,  and  is  nearly  four 
per  cent,  more  advanced  than  that  ship. 

In  armoured  cruisers  the  Colorado  is  most  forward, 
57  per  cent,  of  her  being  completed.  Following  her 
are  the  Wb<>t  Virginia.  Maryland  and  Pennsylvania. 
all  with  over  fifty  per  cent,  completed,  and  the 
CaJifornia  and  South  Dakota  bring  up  the  rear. 

The  protected  cruisers  Cleveland  and  Denver  are 
both  nearly  ready  for  their  trials.  The  Des  Moines 
is  88  per  cent,  completed,  her  steel  masts  have  been 
stepped,  and  it  is  anticipated  that  she  will  begin  her 
trials  early  in  October.  The  Galveston  was  launched 
on  July  23rd  at  the  Trigg  Ship  Yard. 

The  torpedo-boat  destroyer  Macdonough  having 
been  accepted  by  the  Navy  Department,  there  remain 
only  six  of  these  vessels  to  be  finished,  anil  all  these 
are  well  over  90  per  cent,  completed. 

In  the  autumn  some  interesting  manccuvres  are 
to  be  carried  out  by  the  United  States  submarine 
Hotillas.  An  attack  is  to  be  _ made  on  Newport  by 
a  squadron  of  battleships,  and  the  submarines  are 
to  defend  the  harbour. 


BY 


CHARLES    ROUS-MARTEN. 


The  "Record"  Run  to  Brighton. 

The  "  record  "  achieved  by  the  Great  Western  with 
the  Royal  train  from  London  to  Exeter,  to  which 
reference  was  made  in  last  month's  Notes,  was  speedily 
followed  bv  another  "  record  "  run — this  time  on 
the  London,  Brighton  and  South  Coast  Railway,  a 
line  not  usually  given  to  record-making  or  record- 
breaking.  To  say  this  is  by  no  means  to  disparage 
the  railway  or  its  authorities.  "  Records  "  are  always, 
or  generally,  made  only  on  lines  which  have  the 
stimulus  of'competition.  Now  the  London,  Brighton 
and  South  Coast  has  an  absolute  non-competitive 
monopoly  of  the  traffic  between  London  and  Brighton. 
It  has  competition  to  Portsmouth  and  Hastings,  but 
apparently  this  traffic  is  not  deemed  worth  a  serious 
struggle.  '  The  competitors,  the  South-Western  in  the 
one  case  and  the  South-Eastern  and  Chatham  in  the 
other,  have  considerably  shorter  routes,  although 
much  more  steeply  graded,  and  presumably  it  is 
supposed  that  they  could  make  the  better  time  in  the 
event  of  a  "  race  to  Portsmouth  "  or  a  "  race  to 
Hastings,"  were  such  sporting  events  conceivable. 

Threatened  Electric  Competition. 

But  Brighton  remains  without  any  alternative  service, 
and  its  traffic  is  distinctly  a  plum  worth  the  picking, 
or  sharing.  The  fact  has  often  been  appreciated  by 
railway  company  promoters,  but  hitherto  their  efforts 
to  iloat  a  rival  line  have  invariably  been  defeated 
by  the  astuteness  of  the  diplomacy  of  the  Brighton 
authorities.  This  fate  has  recently  befallen,  for  the 
second  time,  a  scheme  for  the  connection  of  London 
with  Brighton  by  an  electric  railway  which  should 
cover  the  fifty  miles  or  so  in  fifty  minutes,  or  less, 
and  do  it  every  hour  or  half  hour.  The  scheme  had 
several  drawbacks,  one  being  a  proposed  tunnel 
many  miles  in  length.  Now,  had  the  fearful  disaster 
on  the  Paris  underground  electric  line  occurred  before 
the  Brighton  Bill  was  before  Parliament,  there  pro- 
bably would  have  needed  little  opposition  to  ensure 
its  being  thrown  out.  But  that  fate  befell  it  without 
so  terrible  an  "  example  "  being  required.  In  these 
days,  however,  electric  traction  is  the  rage,  albeit  stiU 
in  its  infancy,  and  a  few  casual  holocausts  in  tunnels 
will  not  deter  promoters  from  pushing  fresh  schemes. 


A  Demonstration. 

The  possibility  of  materially  abbreviating  the 
London-Brighton  transit  time  was  the  paramouiit 
inducement  offered  by  the  promoters  of  the  electric 
line  which  Parliament  rejected  during  the  recent 
Session.  It  occurred  to  Mr.  W.  Forbes,  the  general 
manager  of  the  existing  railway,  that  it  would  not  be  a 
bad  idea  to  give  a  little  pleasant  demonstration  of 
what  could  be  done  on  the  old  line  with  mere  steam. 
And  so  he  determined  to  run  a  special  train  from 
Victoria  to  Brighton  and  back,  on  Sunday,  July  26th, 
and  to  perform  the  journey  each  way  at  an  average 
speed  of  a  mile-a-minute  or  more.  A  few  journalists 
and  engineers — including  the  present  writer — were 
invited  to  be  traveller-guests,  and  there  was  a  muster 
in  force. 

The  Run. 

The  train  was  made  up  entirely  of  Pullman  coaching 
stock,  such  as  is  used  on  the  Sunday  sixty  minute 
train  which  runs  only  during  the  autumn,  winter  and 
spring  months.  The  total  weight  behind  the  tender 
was  approximately  130  tons.  The  locomotive  was  No. 
70,  "  Holvrood,"  one  of  the  newest  of  Mr.  R.  J.  Billin- 
ton's  "  Sirdar  "  design,  having  6-ft.  9-in.  driving  and 
trailing  wheels,  four-coupled;  inside  cylinders,  19  in 
by  26  in.  ;  about  1,700  square  feet  of  heating  surface  ; 
180  lb.  steam  pressure  and  leading  four-wheeled 
bogie.  The  weather  was  unfavourable  at  the  outset, 
first  wet  and  then  fine,  with  slowly  drying — ccnseq^ent 
"  greasy  " — rail.  The  road  from  Victoria  to  Brighton 
is  not  a  specially  hard  one,  but  it  sets  out  plenty  of 
work  lor  the  locomotive.  Just  after  starting,  a  curved 
bank  at  i  in  64  for  nearly  half  a  mile  has  to  be  faced. 
Subsequently  there  is  an  almost  continuous  rise  through 
the  suburbs 'until  the  Merstham  tunnel,  eighteen  miles 
from  London,  is  reached.  The  gradients  mostly 
range  from  i  in  264  to  i  in  100,  and  there  are  several 
awkward  junctions  to  be  "  negotiated,"  as  well  as 
places  where  speed  must  be  reduced  over  the  new 
widening  and  extension  works.  When  the  main  line  is 
reached  there  remain  three  banks  at  i  in  264  with 
corresponding  descents,  Mr.  BiUinton's  handsome 
engine,  however,  notwithstanding  all  the  drawbacks  just 
mentioned,  took  the  train  from  Victoria  to  Brighton 
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a  distance  of  fifty  miles  seventy-five  chains — i.e., 
only  five  chains  short  of  fifty-one  miles — in  the  nn- 
precedented  time  of  48  min.  41  sec.  from  start  to  stop, 
and  48  min.  3  sec.  from  platform  to  platform.  This 
represents  an  average  rate  of  63"4  miles  an  hour. 
Speed  was  well  sustained  up  the  rising  grades  and  rose 
to  a  very  high  point  down  the  falling  gradients.  A 
special  feature  of  the  trip  consisted  in  the  attainment 
of  an  undoubted  maximum  of  just  QO  miles  an 
hour  at  the  foot  of  the  down  grade  at  i  in  264  past 
Hayward's  Heath.  This  was  registered  independently 
by  iJiree  separate  observers — one  with  an  automatic 
speed  recorder.  It  adds  another  to  the  relatively 
few  authentic  instances  of  such  a  high  velocity  having 
been  reached.  The  return  run  was  done  in  50  min. 
21  sec.  platform  to  platform,  49  min.  12  sec.  start  to 
stop.  The  longer  time  was  attributable  partly  to  a 
strong  side  wind  which  had  arisen  since  the  morning, 
and  partly  to  some  necessary  permanent  way  checks. 
But  it  far  eclipsed  all  previous  performances  from 
Brighton  to  London.  The  results  of  the  trip  left 
little  doubt  in  the  minds  of  the  engineers  present  that 
the  journey  could  be  made  either  way  in  forty-five 
minutes  should  this  be  desirable,  and  by  steam  traction. 

Large  Vehicles  and  Locomotive  Power. 

It  is  interesting  to  learn  that  the  experiment  of 
employing  large  bogie  wagons  for  long-distance 
mineral  traffic  has  proved  a  success  on  the  Caledonian 
Railway,  and  that  the  already-considerable  number 
of  such  wagons  possessed  by  that  railway  is  being 
largely  augmented.  When  30-ton  or  even  50-ton 
wagons  can  be  fully  loaded  and  run  for  long  distances 
without  partial  unloading,  they  unquestionably  offer 
many  advantages.  The  proportion  of  dead  weight 
to  paying  load  is  manifestly  smaller,  and  that  is  always 
a  most  desirable  thing  to  be  secured.  Also  their 
haulage  is  easier  relatively  to  the  load  carried  than 
that  of  smaller  vehicles  with  rigid  wheel-bases.  The 
sole  drawback  attaching  to  their  general  use  in  Britain 
is  that  the  condition  of  a  full  load  between  terminal 
points  is  an  essential  one  as  to  profit.  It  has  long 
been  a  grievance  with  railway  companies  that  they 
often  have  to  run  a  lo-ton  truck  with  only  two  tons 
of  paying  freight  in  it.  Where  goods  have  to  be 
carried  from  numerous  consignors  to  numerous  con- 
signees along  lines  studded  every  two  or  three  miles 
with  stations  or  sidings,  at  which  the  often-under- 
loaded wagons  have  to  be  detached  and  left,  or 
picked  up  singly,  it  is  obvious  that  wagons  carrying 
twenty  or  thirty  tons  or  more  would  be  the  reverse 
of  helpful.  The  case,  in  short,  is  one  of  those  so 
frequent  in  railway  experience,  which  are  necessarily 
conditioned  by  the  circumstances  of  each. 

Large  Passenger  Coaches. 

The  huge  passenger  coaches  now  mostly  constructed 
for  the  leading  main  lines  are  not  open  to  exactly 
the  same  objection  as  the  large  freight  trucks,  but 
still  they  are  subject  to  a  drawback  of  their  own.  So 
long  as  they  can  be  employed  on  long-distance  ex- 
presses, they  are  the  most  convenient  and  comfortable, 
wliile  much  less  hard  to  haul  than  far  lighter  non-bogie 
stock,  although  it  must  be  frankly  admitted  that  their 
dead-weight  proportionately  to  paying  load  is  excessive. 
But  whereas  the  smaller  and  cheaper  vehicles  can  be 
relegated  to  branch  service  when  no  longer  suited 
to  main  line  duty,  this  can  scarcely  be  done  with 
the  enormous  twelve-wheelers,  weighing  from  35  tons 
to  41 1  tons  apiece.  Such  vehicles  could  only  be  used 
after  jefitting  each  one  as  a  composite  train  in  itself. 
and  these  might  be  troublesome  to  deal  with  at  small 
branch  stations. 


Branch  Services. 

The  Clreat  Western  has  followed  the  example  of  the 
London  and  South-Western  and  the  London.  Brighton 
and  South  Coast  in  the  employment  of  steam  motor 
cars  for  some  branch  services,  the  excellent  pattern 
devised  and  built  at  Nine  Elms  by  Mr.  DugaUl  Drum- 
mond  for  the  two  latter  lines  having  been  adopted 
after  due  trial.  This  should  result  in  a  material 
saving  in  the  working  expenses  of  their  branch  lines, 
which  often  are  seriously  in  excess  of  the  trifling 
receipts.  And  the  Great  Western  is  going  to  extend 
the  usefulness  of  these  new  cars  by  stopping  them 
where  required  at  level  crossings  to  pick  up  and  set 
down  passengers.  This  is  a  very  skilful  counter-move 
to  the  threatened  competition  of  road-motors,  and 
perhaps  of  tramways  also.  The  North-Eastcrn  led 
the  way  in  the  use  of  motor-cars  on  railways,  but  with 
another  description  of  motor.  The  principle,  however, 
is  the  same,  and  it  seems  a  very  sound  one.  Certainly 
there  should  be  no  dilficulty  in  working  unremunerative 
though  necessary  branches  much  more  cheaply  than 
when  all  the  costly  paraphernalia  of  separate  engines 
and  coaches  are  used  with  their  unavoidably  larger  staffs. 

British  Manufacturers  Awake. 

It  is  very  gratifying  to  read  the  following  statement 
which  has  been  widely  circulated  :  — 

"  The  Caledonian  Railway  Company,  who  were 
amongst  the  first  in  Britain  to  experiment  with  the 
'  high-capacity  '  wagons  in  the  working  of  freight 
traffic,  some  time  ago  divided  an  initial  order  for 
fifty  30-ton  steel  wagons  between  British  and  .\merican 
builders,  giving  to  the  Leeds  Forge  Company  the 
contract  for  thirty,  whilst  the  construction  of  the 
remaining  twenty  was  entrusted  to  a  well-known 
American  firm.  The  railway  authorities,  it  is  of 
interest  to  note,  merely  restricted  the  builders  to  their 
standard  draw  gear  and  side  buffers,  as  both  firms 
were  expected  to  build  wagons  of  their  own  design 
and  tare  weight,  but  to  the  railway  company's  gauge 
limits,  and  to  the  satisfaction  of  the  locomotive  super- 
intendent of  the  Caledonian  Railway.  In  short,  the 
placing  ox  these  contracts  was  simply  a  practical  test 
between  British  and  American  design  and  workman- 
ship. Despite  an  urgent  order  for  wagons  in  South 
Africa,  the  British  firm  completed  their  order  well 
within  contract  time,  the  whole  of  their  wagons  being 
working  on  the  Caledonian  line  some  time  before  the 
first  consignment  of  six  wagons  was  shipped  from 
America.  This  is  of  especial  interest,  in  view  of  the 
recent  criticism  which  has  been  levelled  at  the  heads 
of  British  engineers,  in  which  it  is  claimed  that  if 
Great  Britain  is  to  '  hold  her  own  '  in  the  markets  of 
the  world,  she  must  bring  her  establishments  and 
working  methods  more  up-to-date.  As  a  result  of  the 
experiment  the  railway  company  decided  not  to  accept 
the  American  wagons-  The  working  of  the  30-ton 
wagons  on  the  Caledonian  Railway  was  found  to  be 
so  successful  that  the  same  company  some  few  months 
ago  placed  contracts — but  exclusively  with  British 
builders— for  no  fewer  than  three  hunilred  additional 
wagons  ot  the  30-ton  carrying  capacity,  and  it  is  of 
importance  to  note  that  the  Leeds  Forge  Company, 
who  secured  the  contract  for  the  erection  of  one  hundred 
of  the  wagons,  have  completed,  and  delivered  a  few 
days  ago,  the  whole  of  their  order,  which  left  Leeds 
for  Glasgow  in  four  trains  of  twenty-five  wagons 
each,  or  an  aggregate  carrying  power  of  750  tons  each 
within  a  period  ot  three  months  from  the  date  of  the 
receipt  of  final  instructions  as  to  details  from  the 
Caledonian  Railway." 

These  enterprising  and  progressive  British  builders 
deserve  all  possible  credit  and  recognition. 


A    KE5UME    OF    MACHINE    TOOLS,    CR3ME5,    AND    EOUNDKY 
riaTTEK5    FOR    THE    nONTH. 


HIGH     SPEED     STEELS. 

THE  discussion  on  high  speed  steels  at  the  Leeds 
meeting  of  the  Institution  of  Mechanical  En- 
gineers revealed  great  differences  of  opinion  respecting 
these.  In  fact,  the  open  discussions  that  follow 
the  reading  of  papers  at  the  meetings  are  generally 
of  more  value  than  the  papers  themselves,  by  reason 
of  the  divergent  opinions  that  are  elicited.  But, 
notwithstanding  the  remarks  of  the  objectors,  of 
whom  Mr.  Barrow  was  the  most  pronounced,  there  is 
no  mistaking  the  general  opinion,  namely,  that  there 
is  at  the  lowest,  a  clear  gain  of  at  least  iifty  per  cent, 
achieved  by  the  use  of  these  steels,  when  brought 
to  the  test  either  of  time,  or  of  piece-work  prices. 

The  point  to  remember,  however,  is  that  the  new 
steels  have  their  limitations.  They  show  the  best 
records  when  turning  mild  steel,  for  whicii  they  are 
eminently  adapted.  There  is  much  less  advantage 
in  turnmg  cast  iron,  less  in  the  planing  machine  than 
in  the  lathe,  while  on  finishing  cuts  they  have  little 
superiority  over  the  carbon  tool  steels.  We  did  not 
hear  of  any  speeds  so  high  as  those  of  170  ft.  per 
minute,  instanced  by  Mr.  Norris  as  the  maximum 
desirable  inour  last  month's  "  Resume  "  ;  but  members 
in  conversation  mentioned  speeds  of  100  ft.  to  120  ft. 

Mr.  Barrow  provoked  roars  of  laughter  when  he 
designated  the  new  high  speed  lathes  as  "  hydro- 
cephalous,  or  big-head  lathes,  having  large  heads 
on  bodies  of  ordinary  patterns."  But  several  members 
testified  to  the  uselessness  of  the  old  types  for  taking 
the  heavy  cuts  possible  by  the  new  steels.  Then,  again, 
objection  was  made  to  the  e.xtra  cost  for  power  involved 
in  driving  the  highspeed  lathes.  Both  of  these  objections 
are  short-sightetl,  because,  when  it  becomes  a  question 
of  doubling,  trebling,  or  quadrupling  output  it  is 
clear  that  far-sighted  economy  lies  in  doing  so,  at 
the  sacrifice  of  the  old  lathes.  And,  moreover,  if  one 
man  can  do  the  work  of  two  or  three  by  using  the 
high  speed  steels,  the  cost  of  the  new  type  of  lathes, 
and  of  the  extra  power  required,  is  at  once  discounted. 

With  regard  to  the  amounts  that  can  be  removed, 
Mr.  Ellis  mentioned  that  with  a  36-in.  lathe,  using 
high  speed  steels,  he  was  removing  3  tons  of  shavings 
every  twelve  hours  !  Mr.  Suplee  stated  that  at  the 
Bethlehem  Works  the  high  speed  steel  was  introduced 
in  order  to  enable  the  company  to  fulfil  a  certain 
contract  in  a  short  period,  and  that  it  was  started 
at  the  same  time  as  the  premium  system  there.  Mr. 
Windsor  Richards  spoke  of  the  "  astonishing  cuts  " 
he  had  seen  taken  at  those  works.  The  case  of  the 
Canadian  Pacific  shops  was  also  instanced,  where, 
since  the  introduction  of  these  steels,  the  fitters  have 


had  to  work  overtime  to  keep  up  with  the  machinists. 
This,  too,  in  the  face  of  Mr.  Barrow's  expressed  opinion 
that  the  high  speed  steel  came  in  where  a  small  amount 
of  metal  only  has  to  be  removed  ! 

But  high  speed  steels  will  remove  small  amounts 
at  a  more  rapid  speed  and  feed  than  the  common 
tools,  because  heating  is  fatal  to  the  latter,  while 
the  high  speed  tools  thrive  on  heat — cutting  best 
when  they  smoke.  This,  in  fact,  is  made  the  test 
of  their  efficient  action  at  the  Bethlehem  Works.  In 
spite  of  the  objectors,  we  came  away  from  the  dis- 
cussion confirmed  in  the  opinion  expressed  by  the 
President,  that  "  the  subject  of  the  new  steels  was 
the  most  important  that  had  arisen  in  the  machine 
tool  industry  in  his  time." 

OLD     SHOPS     REMODELLED. 

In  visiting  the  Leeds  shops,  one  sees  the  new  and 
the  old  in  very  strong  contrast.  The  old  shops  are 
being  rapidly  remodelled,  and  extended  around  the 
old  sites.  But  some  firms  are  terribly  handicapped  in 
the  old  environments,  surrounded  only  with  workmen's 
cottages,  blocks  of  which  have  to  be  pulled  down 
as  often  as  extensions  are  necessary.  These  extensions 
do  not  permit  of  a  well-laid  out  plan  of  works,  since 
many  of  the  shops  have  no  proper  means  of  inter- 
communication, and  no  economical  arrangements 
for  forwarding  the  work,  either  through  departments, 
or  in  connection  with  lines  of  railway  or  canals. 
Storied  buildings,  and  ground  floor  buildings  alternate, 
and  timber  roofs  preponderate. 

But  with  regard  to  internal  arrangements,  many 
of  these  shops  are  well  to  the  fore.  They  are  equipped 
now  to  a  considerable  extent  with  modern  machines, 
and  electricity  is  making  rapid  headway,  both 
for  driving  machine  tools  and  overhead  cranes,  and 
for  lighting.  In  one  of  the  Greenwood  and  Batley 
shops,  motor  driven,  the  absence  of  shafts  and  belts 
imparted  to  the  building  a  light  and  airy  appearance, 
in  pleasing  contrast  with  the  old  class  of  shops.  These 
works,  by  the  way,  are  one  of  the  most  interesting 
in  or  around  Leeds,  as  they  attord  an  admirable  illus- 
tration of  a  number  of  different  industries  carried  on 
by  a  rigid  sub-division  of  shops.  Except  for  the 
central  control,  it  is  a  congeries  of  separate  works, 
the  strongest  contrasts  in  which  are,  perhaps,  afforded 
by  the  work  of  the  turbine  department,  and  that  of 
the  cartridge  case  manufacture.  The  latter  is  fitted  with 
automatic  and  semi-automatic  machinery,  attended 
almost  entirely  by  girls  ;  the  former  is  a  department 
in  which  some  beautiful  examples  of  high  class  machining 
and    fitting   are    seen.     The   Whitehead    fish    torpedo 


(268) 


Workshop    Practice. 


269 


department,  again,  is  of  about  equal  interest  with 
the  turbine  shops.  The  beautiful  hand-fitting  in 
some  of  the  details  here,  done  to  templet  and  gauge, 
as  fine  as  clockwork,  all  to  be  ultimately  blown  to 
pieces  and  lost,  is  a  sight  not  to  be  forgotten.  The 
electrical  department  is  a  large  one.  But  here  one 
is  impressed  bv  the  fact  that  all  electrical  details 
are  cut  and  dried,  much  of  the  tedious  wiring  and 
insulation  being  so  perfectly  mechanical  that  lads 
are  entrusted  with  its  performance. 

SOME      SPECIAL     MACHINE     TOOLS. 

The  machine  shop  at  Green's  Economiser  Works 
was  highly  interesting  on  account  of  the  many  special 
machine  tools  that  are  installed  there.  There  is  no 
such  thing  as  fooling  with  single  cuts  when  more 
can  be  taken  at  once.  Thus,  in  turning  the  economiser 
pipes,  the  finishing  tool  follows  the  roughing,  at  the 
same  time  that  the  rough  ends  are  being  parted  off 
with  another  tool.  And  this  goes  on  at  both  ends 
simultaneously,  while  a  row  of  such  machines  handles 
a  large  number  of  pipes  at  once.  So  in  planing  flanges, 
special  machines  are  rigged  up  with  a  number  of 
tool  boxes,  all  in  operation  at  one  time. 

HEAVY     DIE     FORGING. 

The  Heslop  Seamless  Steel  Boat  Works  afforded 
an  illustration  of  die  forging  or  pressing  on  an  im- 
mense scale.  It  is  not  found  practicable  to  press  a 
boat  from  one  sheet  of  steel,  due  to  the  puckering  of 
the  sheet,  so  all  boats  are  pressed  in  halves,  and  after- 
wards jointed  along  the  keel.  There  is  an  advantage, 
however,  in  this,  namely,  that  it  permits  of  the  insertion 
of  a  stiff  keel  of  I  section,  bent  to  the  required  curves, 
to  which  the  thin  flanged  edges  of  the  halves  are 
rivetted.  With  the  exception  of  this,  all  the  boat 
fittings  are  of  timber.  The  advantage  of  the  steel 
hull  is  that  it  does  not  shrink  as  timber  does,  in  hot 
climates,  and  that  a  smart  blow  will  only  bruise, 
without  fracture  occurring.  The  firm  turns  out 
some  three  hundred  boats  a  year,  their  customers 
including  some  of  the  great  steamship  companies. 
The  dies  used  are  so  massive  that  they  are  built  up 
and  bolted  together  in  sections.  The  cost  of  the 
entire  stock  of  dies  for  boats,  of  different  sizes,  up 
to  35  ft.  and  40  ft.  in  length,  must  have  been  enormous. 
The  dies  are  arranged  in  line  with  the  heating  furnace, 
out  of  which  the  sheet  to  be  pressed  (ot  J-  in.  steel)  is 
drawn,  to  be  cottared  rapidly  in  place  on  one  edge 
of  the  lower  die,  by  men  stationed  in  a  row.  The 
lower  die  is  then  lifted  hydraulically,  and  the  sheet 
pressed  to  shape  at  once, 

CRADOCK    WIRE     ROPES. 

The  Cradock  steel  rope  works  at  Wakefield  seemed 
to  the  writer  a  perfect  maze  of  stranding  machines 
forming  and  coiling  ropes  of  all  sizes  in  a  purely 
mechanical  fashion.  Preliminary  to  this  there  is  the 
steel-making  works,  for  the  firm  manufactures  its 
own  steel  from  Swedish  and  Cumberland  pig.  One 
wonders  what  becomes  of  all  the  ropes  made,  when 
a  single  firm  manufactures  and  stores  so  large  a  quan- 
tity, 

BOX-MAKING     MACHINERY. 

To  the  goodly  party  of  engineers  who  visited  York, 
the  box-making  department  of  Messrs.  Rowntrees 
was  a  fascinating  sight.  Particularly  striking  was 
the  planing  machine  that  whisked  off  a  broad  shaving 
of  the  full  width  of  the  board,  and  of  its  full  length 
in  an  instant,  and  the  nailing  machines  that  fastened 
the  corners  of  the  boxes  as  rapidly  as  the  attendant 
could  present  them  to  the  machine. 


FARNLEY     IRON. 

Farnley  is  a  classic  name  to  old  engineers,  to  whom 
Yorkshire  iron  was  a  thing  to  conjure  with.  To-day, 
one  sees  the  same  processes  carried  on  there,  as  in 
fifty  years  past.  Said  the  genial  Mr.  Mathieson  to 
his  visitors  ;  "  We  never  mention  steel  here  ,  it  is 
a  new  product  that  has  not  come  this  way."  And 
we  saw  the  casting  from  the  blast-furnace  into  the 
pig  beds,  the  puddling  by  hand,  the  hammering 
down  of  the  spongy  viscous  bloom,  and  the  various 
reheatings  and  rollings.  And,  side  by  side  with  these 
old  processes,  there  was  the  immense  new  Mond  gas 
plant,  driving  two  250  h.p.  engines,  the  plant  for 
the  recovery  of  sulphate  of  ammonia,  which  returns 
a  big  profit,  and  the  up-to-date  switchboard,  the 
whole  set  in  the  rugged  Yorkshire  hills  surrounding. 

SNAP     FLASKS. 

Those  who  are  interested  in  foundry  work  saw  a 
good  deal  in  that  line  at  Green's  Economiser  works. 
As  the  firm  handles  but  one  speciality,  it  has  been 
able  to  effect  great  economies  in  manufacture,  and 
the  foundrv,  like  the  machine  shop  just  now  instanced, 
is  a  very  big  department.  This  firm  has  thrown  out 
moulding  machines,  and  substituted  hand  ramming 
in  snap  flasks  in  their  place.  We  saw  a  man  ramming 
these,  the  flasks  being  about  18  in.  square,  and  were 
told  he  would  put  up  about  eighty  such  moulds  before 
breakfast.  He  was  not  a  skilled  moulder  either,  but 
would,  nevertheless,  take  away  a  couple  of  pounds 
weekly  in  wages. 

Snap  flasks  are  as  yet  used  to  a  limited  extent  in 
English  foundries,  and  many  moulders  have  never 
seen  one.  We  may  therefore  be  pardoned  for  pointing 
out  their  special  advantage  over  the  ordinary  rigid 
flasks.  The  snap  flask  is  hinged  at  one  corner,  and 
fitted  with  a  latch  at  the  corner  opposite.  When  in 
use,  the  flask  is  closed  by  the  latch,  or  sometimes  by 
two  latches,  in  large  ones.  The  mould  is  rammed,  and 
then  the  flask  is  detached  from  the  mould  by  loosening 
the  latch,  and  opening  the  hinge.  The  flask  is  removed 
and  the  naked  mould  deposited  on  the  ground  for 
pouring.  The  advantages  are  that  one  flask  does 
duty  for  any  number  of  moulds,  so  effecting  a  big 
saving  in  stock  flasks,  and  in  storage  room  for  them, 
that  there  is  no  need  of  bars,  stays,  or  lifters,  and 
that  the  moulds  are  light  to  handle. 

But,  of  course,  the  snap  flask  has  its  limitations. 
being  unsuitable  for  any  moulds  but  those  of  small 
size  and  of  little  depth,  the  limits  of  utility  being  about 
2  ft.  square  by  4  in.  to  6  in.  deep.  But  these  limits 
include  a  vast  deal  of  small  work,  and  here  the  snap 
flasks  may  be  expected  to  displace  the  others  in  the 
course  of' time.  They  are  employed  largely,  too,  in 
connection  with  some  moulding  machines,  while  the 
practice  of  using  naked  moulds  has  been  long  adopted 
f  at  the  Singer  factory,  at  Kilbowie,  and  others,  and 
in  Germany,  in  connection  with  certain  types  of 
moulding  machine.  In  these,  however,  the  snap 
flask  is  not  used,  but  the  mould  is  pushed  out  of  a 
tapered  frame  within  which  it  has  been  rammed.  The 
sand  is  held  together  by  a  ring,  or  a  band  of  steel. 

In  the  Economiser  works  the  iron  is  graded  by 
analysis,  the  mixture  for  the  day  being  stated  in 
front  of  the  cupola.  The  excellent  quality  of  the 
metal  used  was  demonstrated  by  testing  an  economiser 
pipe  to  destruction  before  the  visitors.  It  burst  at 
about  3,500  lb. 

The  above  remarks  record  only  a  few  of  the  im- 
pressions gathered  in  and  about  Leeds  during  the 
meeting  of  the  Mechanical  Engineers.  Limitations  of 
space  prevent  further  remarks. 
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British  Shipping-  Progress. 

Some  further  shipping  statistics  may  now  be  placed 
on  record  in  these  pages.  The  total  shipping  of 
the  world,  according  to  Lloyd's,  consists  of  29,943 
steamers  and  sailing  vessels,  representing  a  tonnage 
of    33,643,131     tons.     This    colossal    fleet    is    divided 


as  follows  :- 


Steamers 
Sailing  vessels . 

Total      . 


loiinagc. 

27.183,365 

6,459,766 


29.943  33.643.131 


These  figures  show  an  increase  over  last  year  of  315 
vessels  and  of  204,368  tons,  and  the  advance  is  entirely 
in  steamers.  There  were  fewer  sailing  vessels  built 
in  1902  than  in  any  previous  period  in  the  history 
of  the  industry,  and  a  large  decrease  took  place  in 
the  number  and  tonnage  of  those  on  the  registers 
of  the  various  countries,  viz.,  290  vessels  and  11 8, 000 
tons.  Of  the  total  tonnage.  33,643,131,  nearly  one- 
half  is  owned  in  the  United  Kingdom  and  our  Colonies. 
A  year  ago  this  country  had  close  on  fifteen  millions 
and  a  half  of  shipping  tonnage,  but  now  its  tonnage 
exceeds  sixteen  millions,  and  upwards  of  fourteen 
millions  of  that  tonnage  is  composed  of  steamers.  The 
rest  of  the  nations  combined  have  more  than  twice 
as  much  sailing  tonnage  as  we  have,  but  their  steam 
tonnage  falls  short  of  ours  by  more  than  a  million  tons. 
The  details  applicable  to  each  country  possessing 
over,  or  close  upon,  100,000  tons  of  shipping,  in  the 
order  of  precedence  are  : — 


Flag. 

Tonnaj:e. 

J,  British  . . 

.     16,006,374 

2.  American 

•       3.611,956 

3.  German 

•       3.283,247 

4.  Norwegian 

.       1,653,740 

:;.  French  .  . 

1,622,016 

6.  Italian  .  . 

.       1.180,335 

7.  Russian 

809,648 

8.  Spanish 

764,447 

9.   Japanese 

726,818 

10.  Swedish 

721,116 

II.  Dutch    . . 

658,845 

12.  Danish  .  . 

581,247 

13.   Austro-Hungarian 

578,697 

14.   CIreek     .  . 

378,199 

15.  Belgian 

157,047 

16.  Brazilian 

155,086 

17.  Turkish 

154.494 

18.  Chilian  . . 

103,758 

19.  Portuguese 

101,304 

20.  Argentine 

95.780 

tonnage  during  last  year.  The  British  advance  is 
about  half  a  million  tons^  America,  Germany  and 
France  have  followed  to  a  smaller  extent,  but  the 
whole  of  the  combined  increase  amongst  all  the  Powers 
outside  of  our  own  is  very  little  over  three  quarters 
of  a  million. 

Multiplication  of  Huge  Steamers. 

Next  as  to  the  size  of  steamers  belonging  to  the 
various  nations  of  the  world.  A  few  years  ago  Jhe 
number  of  great  merchant  vessels  of  10,000  tons 
and  over  was  barely  half  a  dozen,  but  recently  these 
huge  steamers  have  multiplied  to  a  large  extent. 
Twelve  months  ago  they  came  to  seventy-one,  and 
now  they  are  eighty-seven.  Half  of  them  are  regis- 
tered in  the  United  Kingdom,  but  Germany  has 
upwards  of  twenty.  The  following  table  shows  the 
boats  over  5,000  tons. 


Kl;.g. 

Over 

Over 

Over 

5,oQ0  tons. 

7,000  tons. 

I, coo  tons 

British      .  . 

366 

119 

48 

German    .  . 

59 

15 

26 

American .  . 

34 

7 

7 

French 

30 

4 

2 

Dutch 

6 

I 

4 

Russian     .  . 

10 

2 

— 

Austro-Hungarian 

4 

I 

— 

Japanese  . . 

16 

— 

— 

Spanish     .  . 

7 

— 

— 

Danish 

— ■ 

I 

2 

The  Chinese  come  next  with  60,000  tons,  and  the 
other  smaller  Powers  are  much  below  these  figures. 
All  the  countries  named  have  increased  tlicir  shipping 


As  regards  speed,  the  fastest  belongs  to  Germany, 
but  that  position  will  be  reversed  as  soon  as  the  new 
Cunarders  make  their  appearance  on  the  ocean.  There 
are  now  a  far  larger  number  of  vessels  in  the  British 
than  in  any  other  mercantile  marine  capable  of  steaming 
at  a  rate  of  from  1 5  to  20  knots. 

Lloyd's  Register. 

There  are  classed  in  the  Register  Book  of  Lloyd's 

9,698    vessels,   representing   a    tonnage   of    17,443,138. 

Existing  vessels  formerly  classed  number  4,044,  with 

a    tonnage   of    3,932,026— in    all    13,742   vessels,    with 

the    enormous    tonnage    of    21,375,164.     Taking    the 

number  of   vessels   alone    the   comparison  with    other 

societies  is  as  follows  :  — 

No.  of  Vessels 

^^"•'"-''y-  Classed. 

Lloyd's   Register 9.698 

British  Corporation               ..           ..  498 

Bureau  Veritas         5.070 

Germanischer  Lloyd             ..           ..  2,138 

Nederlandsche  Vereeniging             .  .  80 

Norske  Veritas          1,903 

Record  of  American  and  Foreign 

shipping     . .           .  .           . .           . .  1,254 

Registro  Italiano     ..           ..          ••  i,045 

Veritas  Austro-Ungarico     ..           ..  1,076 
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These  figures  mark  advances  on  the  part  of  Lloyd's 
Register,  the  British  Corporation,  and  the  Germanischer 
Lloyd,  but  the  other  societies  seem  to  have  gone  back. 
The  vessels  classed  by  Lloyd's  Register  during  1902 
came  to  621,  with  a  tonnage  of  1,347,764.  The  greater 
part  of  these — 544  vessels  1,135,471  tons — were  built 
in  the  United  Kingdom,  but  several  were  constructed 
on  the  Continent  and  some  in  the  United  States  of 
America. 

American  Shipbuilding. 

Information  about  shipbuilding  in  America  is 
ahva^-s  interesting.  During  the  fiscal  year  ended 
June  30th,  1,535  vessels  of  456,076  gross  tons  were 
built  in  the  United  States  and  officially  numbered, 
compared  with  1,657  vessels  of  473,981  gross  tons 
in  the  previous  fiscal  year.  Returns  of  vessels  under 
construction  on  July  ist,  1903,  in  the  United  States 
indicate  for  the  new  fiscal  year  an  output  below  that 
of  last  year.  The  world's  shipbuilding  reached  its 
highest  point  in  1901.  The  principal  decrease  in  the 
United  States  for  the  past  year  has  been  in  steel 
steamers  built  on  the  Great  Lakes,  which  numbered 
41  of  131,660  tons,  compared  with  52  of  161,797 
tons  in  the  fiscal  year  1901-2.  The  only  item  of 
considerable  increase  has  been  in  unrigged  canal 
boats,  barges,  etc.,  numbering  320  of  79,574  tons, 
compared  with  297  of  57,502  tons  for  the  previous 
year.  Nearly  two-thirds  of  the  year's  output  consists 
of  92  vessels  of  over  1,000  tons  each,  aggregating 
295.548  gross  tons.  Of  these  the  Great  Lakes'  yards 
built  ■^j  steel  steamers  aggregating  130,283  gross 
tons,  four  of  which,  aggregating  JAA?  tons,  are  built 
to  pass  through  the  Welland  Canal  for  ocean  coasting 
service.  Three  lake  steamers  —  James  H.  Reed, 
D.  G.  Kerr,  and  D.  M.  Clemson — each  slightly  exceed 
5,500  tons. 

On  the  seaboard  eighteen  ocean  steel  steamers  of 
101,471  gross  tons  were  built,  the  largest  output 
of  this  type  in  the  history  of  the  industry  in  America. 
The  large  vessels  of  this  type  contracted  for  in  1900 
are  now  completed,  or  will  be  completed,  barring 
strikes  or  unforeseen  delays,  before  the  end  of  the 
year.  No  new  contracts  for  this  type  have  been 
made  for  two  years.  The  year's  additions  were  the 
Finland,  of  12,760  tons — the  largest  vessel  built  in 
the  United  States  this  year — and  the  Mississippi, 
Maine  and  MassachuseU<,  each  of  7,913  tons,  all 
four  for  the  International  Mercantile  Marine  Company  ; 
the  Siberia,  11,284  tons,  for  the  Hawaiian-Asiatic 
trade  of  the  Pacific  Mail  ;  and  the  Arizonian  and 
Texan,  over  8,600  tons  each,  for  the  American-Hawaiian 
Company.  Other  steamers  are  for  the  coasting 
trade,  of  which   four  steamers  of   12,974  tons,  carrying 


oil  in  bulk,  arc  noteworthy.  Two  barquentines  for 
the  Pacific  trade,  aggregating  2,638  tons,  were  the 
additions  to  the  square-rigged  fleet.  New  woodea 
schooners  over  1,000  tons  numbered  twenty-one, 
aggregating  36,537  tons.  The  steel  schooner  Thomas 
W.  Lawson,  of  5,218  tons,  was  documented  early 
in  the  year.  Other  new  vessels  over  1,000  tons  are 
three  wooden  steamers  aggregating  4,605  tons,  three- 
ferry  and  river  steel  steamboats  aggregating  3,849 
tons,  and  seven  rigged  barges  of  10,947  tons* 

The  Outlook. 

There  is,  at  the  time  of  our  writing,  no  improvement 
in  the  shipbuilding  industry  in  this  country,  and 
the  prospects  for  the  autumn  and  winter  are  very 
discouraging.  Moreover,  the  wages  question  has 
again  come  up  for  discussion — first,  with  the  marine 
engineers  and  next  with  the  shipyard  workers — 
on  the  termination  of  the  working  agreements  which 
expired  on  the  first  of  August.  The  evidences  of 
depression  in  the  industry  are  plain  enough,  but 
some  of  the  workmen  will  not  recognise  them,  declaring 
that  there  is  plenty  of  demand  for  their  particular 
kind  of  labour  in  other  branches  of  employment. 
This  may  be  so,  but  it  does  not  help  shipbuilders 
nor  tend  to  cheapen  shipbuilding,- 

Huge  Liner  for  the  Cape. 

During  the  month  there  was  launched  at  Govan,  from 
the  yard  of  the  Fairfield  Shipbuilding  and  Engineering 
Company,  Ltd.,  the  twin-screw  steamship  Arrnadalc 
Castle,  the  latest  and  largest  addition  to  the  fleet  of  the 
Union  Castle  Mail  Steiuiship  Company.  The  vessel, 
which  is  intended  for  the  South  African  Royal  Mail 
Service,  is  of  12,800  tons  capacity,  and  is  fitted  with  every 
modern  appliance  to  secure  safety,  speed,  and  comfort. 
Her  dimensions  are  :  Length,  590  ft.  9  in.  ;  breadth, 
64  ft.  6  in.  ;  depth,  42  ft.  6  in.  ;  and  she  has  12,500  h. p. 

Floating  Dock  for  Durban. 

The  new  floating  graving  dock  launched  at  Wallsend 
by  Messrs.  Swan,  Hunter  and  Wigham  Richardson,  Ltd., 
and  intended  for  Durban,  is  of  the  same  type  as  that 
which  was  built  for  Bermuda,  and  is  also  similar  to  the 
one  which  came  to  such  an  unfortunate  end  while  on  the 
way  to  Durban  last  year.  It  is  475  ft.  long,  96  ft.  2  in. 
wide,  and  has  a  lifting  power  of  8,500  tons.  The  distance 
between  the  guard  timbers  on  the  side  walls  is  70  ft.,  so 
that  the  dock  can  accommodate  vessels  up  to  68  ft.  beani» 
and  whilst  still  retaining  a  freeboard  of  4  ft.  3  in.,  it  can 
take  a  vessel  drawing  2311.  over  keel  blocks  4  ft.  high. 
The  dock  is  divided  into  forty-four  watertight  compart- 
ments, and  is  fitted  with  a  complete  electric  installation 
for  niiiht  work  and  for  the  use  of  electric  drills,  etc. 
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E.     K  I  L  B  U  R  X     SCOTT. 


Paris  Metropolitan  Electric  Railway. 

The  fearful  catastrophe  on  the  Paris  Metropolitan 
Electric  Railway  has  directed  public  attention  to 
some  of  the  engineering  details  of  underground  lines, 
and  in  order  to  reassure  the  British  public,  letters 
have  appeared  from  Mr.  Yerkes  and  others,  stating 
that  the  rolling  stock  on  the  English  lines  is  being 
made  fireproof.  In  order  to  provide  a  comfortable 
carriage,  a  certain  amount  of  woodwork  is  necessary, 
and  it  is  therefore  interesting  to  note  that  on  certain 
of  the  underground  railways  now  being  equipped, 
all  such  woodwork  is  being  specially  treated  to  make 
it    non-intlammable. 

In  connection  with  the  Paris  disaster,  a  recent 
article  in  Industrie  Electrique,  written  before  the 
disaster  occurred,  has  special  significance,  because  in 
it  various  faults  of  the  Paris  Metropolitan  line  are 
very  frankly  pointed  out.  It  appears  that  the  Muni- 
cipal Council  wished  the  line  to  be  built  narrow  gauge, 
and  it  was  only  on  the  Government  interfering  that 
the  engineers  got  their  own  way,  and  the  normal 
gauge  was  adopted.  A  concession  was,  however, 
made  as  to  the  size  of  the  tunnel,  which,  it  now  turns 
out,  is  far  too  small.  In  fact,  owing  to  the  seating 
capacity  of  the  trains  being  cut  down,  the  regulation 
as  to  standing  passengers  has  fallen  in  abeyance. 
This  overcrowding,  combined  with  the  variable 
distances  between  stations,  affects  seriously  the 
regulation  of  the  traffic,  and  the  building  of  the  line 
in  sections,  also  causes  much  changing  and  waiting 
about  on  platforms.  The  many  severe  curves  also 
cuts  down  the  average  train  speed  to  about  twelve 
miles  an  hour,  and,  as  it  is  impossible  to  increase 
the  size  of  the  carriages  or  the  length  of  the  train, 
(the  dimensions  of  the  tunnel  and  platform  being 
fixed  quantities),  the  only  way  to  augment  the  service 
■will  be  to  smooth  out  the  worst  of  the  curves  and 
increase  the  power  of  the  motors,  so  as  to  get  more 
trains  through  per  hour.  It  is  said  that  the  best 
lessons  are  learnt  from  failures,  and  if  the  lessons  at 
Liverpool  and  Paris  are  thoroughly  digested,  these 
disasters  will  not  have  been  without  their  benefit  to  the 
increasing  number  of  people  who  travel  by  underground 
ines.- 

Technical  Education. 

One  point  in  connection  with  the  constantly  recurring 
discussion  on  the  technical  training  of  engineers  is 
the  question  whether  it  is  worth  while  a  student  spending 
any  of  his  college  course  in  doing  workshop  work. 
In  the  discussion  at  the  recent  Civil  Engineers'  Con- 
ference, the  consensus  of  opinion  api)eared  to  be  that 


the  student  should  learn  only  the  practical  work  in 
real  workshops,  and  nauch  was  said  on  the  so-called 
sandwich  system.  In  this  system,  the  student  spends 
some  months  or  a  A^ear  at  college,  and  then  has  the 
same  length  of  time  in  works,  afterwards  going  back 
to  college,  and  so  on,  the  whole  course  covering  four 
years. 

In  the  writer's  opinion  there  is  much  to  be  said  for 
this.:  Some  of  our  smartest  young  electrical  engineers 
are  from  Scotland,  where  the  system  has  been  in 
vogue  for  years.  On  the  ether  hand,  the  writer 
knows  of  impossible  young  men  who  learnt  all  their 
so-called  practical  work  in  technical  schools.  Inde- 
pendently of  their  lack  of  technical  knowledge,  these 
latter  lacked  that  broad  knowledge  of  affairs  and  of 
the  world  which  any  intelligent  youngster  ma}*  so 
readily  absorb  when  knocking  about  amongst  the 
workmen  of  an  up-to-date  factory. 

In  this  connection,  it  is  interesting  to  note  that 
at  the  recent  meeting  of  the  Canadian  Electrical 
Association  there  was  a  paper  on  the  education  of 
the  electrical  engineer  by  Mr.  Paul  Lincoln,  of  Pitts- 
burg, and  it  was  brought  out  in  the  discussion  that 
American  colleges  do  not  now  attempt  to  teach  practical 
work,  but  devote  all  their  energies  to  training  the 
graduates  in  a  thorough  knowledge  of  principles.  By 
the  way,  Mr.  J.  G.  White,  of  New  York,  has  also 
been  reading  a  paper  on  the  same  subject  at  the 
twentieth  annual  Convention  of  the  American  Institute 
of  Electrical  Engineers  at  Niagara,  and  he  places 
correct  speech  and  good  manners  amongst  the  essential 
requirements  of  all  budding  engineers.  It  is  to  be 
hoped  his  audience  took  the  advice  to  heart  ;  the  "  very 
much  accented  cocksure,  we  know  everything  you  bet  " 
manner  of  some  of  our  American  friends  when  they 
come  to  this  benighted  country  is — well,  it  is  not 
manners,  anyway* 

Supply  of  Raw  Materials. 

It  is  an  extraordinary  thing,  but  none  the  less  true, 
that  electrical  manufacturers  have  a  difficulty  in  ob- 
taining supplies  of  certain  materials  in  either  sufficient 
quantity  or  of  sufficiently  good  quality.  The  materials 
of  which  the  writer  has  heard  complaints,  are  copper 
of  all  kinds — bare  wire,  strip,  and  commutator  bars  ; 
and  cotton-covered  wire;  mild  steel  bars  for  spindles, 
also  malleable  iron,  marble  asbestos,  and  porcelains. 
Copper  wire  ordered  of  No.  13  S.W.G.  will  be  right 
at  the  beginning  of  the  consignment,  and  gradually 
increase  in  size  to  nearly  No.  12  gauge  at  the  other. 
If  ordered  double  cotton-covered,  it  is  delivered  with 
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the  copper  showing  through  the  cotton  covering, 
whilst  copper  strip  is  well  nigh  hopeless  on  account  of 
its  variation  in  hardness  and  deviation  from  exact  size. 
One  would  have  thought  that  steel  bars  and  malleable 
iron  could  have  been  obtained  in  any  quantity,  and 
yet  orders  are  constantly  being  sent  abroad  for  these 
supplies.  Perhaps,  in  the  case  of  asbestos  and  marble 
there  is  some  excuse,  but  why  should  porcelains  be 
obtained  from  the  States,  and  yet  they  are,  simply 
on  account  of  the  quality  of  the  English  porcelains 
not  being  up  to  standard  as  to  insulation. 

In  these  days,  when  quick  delivery  counts  for  so 
much,  no  manufacturer,  however  prejudiced,  is  going 
to  order  materials  such  as  the  above  from  abroad,  if 
he  can  obtain  what  he  wants  near  at  hand.  There  is  no 
getting  away  from  the  fact  that  the  British  electrical 
manufacturers  have  been  and  are  even  now  handicapped 
b}^  the  suppliers  of  raw  materials.  Look  at  the  abomin- 
able steel  castings  which  were  supplied  until,  within 
quite  recent  times — scabby  castings,  no  two  alike  in 
magnetic  quality  and  delivery,  often  months  after 
the  order  was  placed. 

Then,  again,  commutator  copper.  Who  has  not 
noticed  the  halo  of  copper  dust  deposited  round  about 
dynamo  machines  ?  One  cannot  altogether  blame 
the  manufacturer  for  using  soft  copper  segments 
when  one  of  the  most  reputable  copper  firms  in  the 
country  have  supplied  such  segments  to  a  specification 
calling  for  hard  drawn.  To  put  it  vulgarly,  there  is 
need  for  the  suppliers  of  raw  material  to  "  buck  up." 
Plenty  of  orders  are  to  be  had  if  they  will  but  supply 
good  materials  and  promptly. 

Building  Large  Commutators. 

Commutator  construction  is  an  art,  especially  so 
in  the  larger  sizes  of  3  ft.  to  10  ft.  diameter,  and  so 
on.  Not  only  must  the  hardness  of  the  copper  and 
mica  be  graded  to  an  exact  nicety  to  ensure  their 
wearing  down  together,  but  the  mechanical  details 
call  for  much  careful  design,  or  some  of  the  bars  will 
become  dented  below  the  surface,  and  others  ride 
proud.  When  the  commutator  bars  are  of  considerable 
length,  special  precautions  must  be  taken  to  prevent 
them  buckling  outwards  from  centrifugal  force,  and 
the  way  of  doing  this  is  to  corrugate  the  segments  so 
that  they  fit  into  each  other.  After  the  segments  and 
mica  have  been  assembled,  it  is  necessary  to  drive 
off  the  moisture  either  by  stoving  or  else  by  arranging 
a  number  of  bunsen  burners  to  play  on  to  the  metal. 
The  writer  recently  saw  a  commutator  10  ft.  diameter 


being  dried  in   this  way,  it  was  laid  on  its  side,  and 
the  bunsen  burners  were  pitched  about  18  in.  apart. 

The  last  and  most  important  operation  is  the  com- 
pressing inwards  of  the  segments  and  mica  preparatory 
to  matching  the  grooves  for  the  steel  end  rings.  In  small 
commutators  this  compression  is  effected  by  clamps 
and  screws,  but  in  large  commutators  it  has  to  be 
effected  by  means  of  a  Wyld's  hydraulic  wheel-tyre 
press. 

Regarding  the  connections  to  the  armature  con- 
ductors, the  modern  tendency  is  to  do  away  with  the 
soldering  iron.  When  the  armature  conductor  is 
of  small  enough  section,  it  is  bent  inwards  and  slipped 
into  a  hole  in  the  commutator,  otherwise  a  short  piece 
of  flexible  cable  i-in.  or  ^-in.  diameter,  is  carried 
down  from  the  end  of  the  conductor.  The  actual 
electrical  contact  with  the  segment  is  effected  by  several 
small  \-n\.  or  |-in.  diameter  steel  grub  screws. 

The  Britisti  Westingliouse  Works. 

The  writer  had  recently  the  pleasure  of  paying  a 
second  visit  to  the  British  Westinghouse  Works,  at 
Trafford  Park.  The  place  is  now  in  full  swing,  and, 
in  fact,  extensions  are  in  hand.  The  cast  iron  foundry, 
which  it  was  prophesied  would  not  be  filled  for  years, 
is  already  after  only  ten  months'  work,  too  small 
for  the  500  men  occupied  in  it,  and  a  large  amount  of 
casting  is  being  done  by  outside  firms. 

Some  of  the  figures  connected  with  these  works  are 
astonishing,  thus,  over  5,000  men  are  employed, 
the  number  having  nearly  doubled  in  six  months.  The 
staff  numbers  over  500,  and  to  find  employment  for  this 
army  there  is  well  on  for  three  million  pounds  worth 
of  work  on  the  books.  Amongst  contracts  in  hand,  are 
five  steam  turbine  generators  of  3,500  h.p.  each  for 
the  Metropolitan  Railway,  and  eight  of  5.500  h.p. 
each  for  the  District  Railway,  the  speed  being  750 
revolutions  per  minute,  and  periodicity  33  per  second- 
These  turbines  are  on  a  new  principle,  combining  the 
De  Laval  for  the  high  pressure,  and  the  Parsons  for 
the  intermediate  and  low  pressure.  It  was  originally 
intended  to  build  them  of  the  Parsons  type  throughout, 
but  the  change  has  been  made  as  the  result  of  some 
important  tests  carried  out  at  Pittsburg.  End  thrust 
is  done  away  with  by  bringing  the  steam  in  at  the  centre, 
and  expanding  it  outwards  through  the  parallel  flow 
turbines  as  Parsons  did  in  his  original  machines, 
made  by  Clarke,  Chapman  and  Co.  There  was  not 
much  to  be  seen  of  the  gas  engines,  but  it  is  interesting 
to  note  that  amongst  those  recently  completed  are 
two  for  His  Majesty  the  King,  at  Sandringham. 
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Iron  and  Steel. 

The  strike  of  the  union  coal  miners  in  Alabama  has 
occasioned  considerable  apprehension  among  those 
responsible  for  foundry  interests.  The  stock  of  raw 
material  and  pig  iron  was  small,  and  it  was  expected 
that^the  price  would  go  up  very  rapidly,  especially 
since^the  consumers  for  some  time  previously  had  been 
buying  only  enough  for  their  approximate  needs.  It 
seemed  likely  that  if  the  strike  lasted  it  must  precipitate 
a  bujdng  movement.  Up  to  the  time  of  writing 
however,  with  the  strike  still  unsettled,  these  predictions 
have  proved  in  error,  for  buying  is  still  in  small  lots 
onl}-,  and  the  price  of  pig  iron  continues  to  recede, 
^ome  business  has  even  been  done  on  the  basis  of 
S12.00  for  No.  2  foundry  iron  at  Birmingham,  Ala.,  and 
northern  foundry-  has  sold  down  to  .Si 6. 50  at  tide 
water. 

A  short  time  ago  there  was  a  rumour  to  the  effect 
that  a  western  Harvester  concern  was  about  to  place 
an  order  for  23,000  tons  of  foreign  foundry  iron.  How- 
ever, this  has  not  yet  materialised,  in  spite  of  the  fact 
that  99  per  cent,  of  the  S4.00  import  duty  is  refunded 
when  the  finished  machines  are  exported,  because  the 
domestic  producers  have  offered  better  figures.  This  is 
significant,  since  it  shows  that  foreign  pig  is  not  only 
out  of  the  market  for  home  consumption,  but  for 
export  goods  as  well. 

The  foreign  outlook  in  the  steel  rail  business  is 
better.  European  mills  have  been  asked  to  figure  on 
some  large  lots  for  Gulf  and  Pacific  coast  delivery, 
and  it  is  (juite  possible  that  they  will  secure  some  of  the 
orders.  At  last  accounts  foreign  steel  was  being 
offered  at  %2j ,  and  even  a  trifle  under.  For  large 
transactions  within  reach  of  tidewater  this  is  well 
under  the  figures  of  the  home  syndicate. 

In  the  Canadian  wire  rod  trade,  where  the  English 
mills  are  trying  to  secure  a  footing  since  the  abandon- 
ment of  that  field  by  the  Germans  to  the  Americans, 
the  prices  have  been  as  low  as  £~,  17s.  6d.  at  Montreal, 
which  is  under  the  price  of  the  United  States  mills. 

Some  good  steel  bar  orders  are  reported  in  sight, 
but  that  trade  generally  is  weak  in  the  Central  West 
and  East,  and  the  sheet  trade  also  is  dull.  The  plate 
mills  are  fairly  well  employed,  and  anticipate  an 
improvement  for  the  balance  of  the  year.  The  tin 
]i!ate  mills  have  continued  very  busy  throughout 
the  month,  and  the  merchant  pipe  industry  is  also 
active,  but  probably  the  best  prospect  of  all  is  that 
for  the  structural  steel  trade,  on  account  of  the  many 
improvements  which  are  now  rapidly  getting  under 
way. 

The  American  Paeifie  Cable. 

On  July  1st  cable  despatches  were  received  announc- 
ing the  completion  of  the  entire  line  of  telegraph, 
over   8,000    miles    long,     from   San   Francisco    to    the 


NEW  YORK,  August  20th,  1903. 

Philippine  Islands,  thus  successfully  terminating 
the  most  gigantic  submarine  cable  enterprise  ever 
attempted.  During  the  next  three  days  the  final 
details  were  arranged  whereby  telegraphic  com- 
munication was  established  completely  encircling 
the  globe,  and  on  July  4th  the  President  of  the 
United  States,  from  Oyster  Bay,  Long  Island,  flashed 
a  message  of  congratulation  to  the  President  of  the 
Commercial  Cable  Company,  who,  as  it  happened, 
was  also  at  Oyster  Bay.  The  message  was  filed  at 
11.23  p.m.,  and  received  at  11.35,  just  twelve  minutes 
later.  Meantime  it  had  made  a  journey  of  some 
25,000  miles,  passing  successively  through  New  York, 
across  the  continent  to  San  Francisco,  under  the 
Pacific  Ocean  to  Honolulu,  again  under  water  to 
Midway  Island,  Guam  and  Manila,  thence  to  Asia  and 
Hong-Kong,  under  the  China  Sea,  pausing  at  Saigon 
on  the  east  coast  of  Indo-China  and  Singapore  on  the 
tip  of  the  Malay  Peninsula.  Thence  it  passed  up  the 
Strait  of  Malacca,  across  the  Bay  of  Bengal  to  Madras, 
next  700  miles  overland  to  Bombay,  whence  followed 
the  long  trip  through  the  Arabian  Sea,  the  Red  Sea, 
the  Mediterranean  and  the  Atlantic,  the  message  being 
relayed  at  Aden,  Suez,  Port  Said,  Malta,  Gibraltar, 
Lisbon,  Azores,  and  Canso  in  Nova  Scotia,  from 
which  latter  point  it  finally  returned  to  New  York. 
The  reply  was  sent  in  even  more  remarkable  time, 
viz.,  9^  minutes — although,  as  before,  it  was  relajed  at 
eighteen  stations  in  the  course  of  its  travel. 

Much  interest  attaches  to  the  laying  of  this  last 
cable  in  the  chain  of  telegraphs  around  the  world. 
On  September  23rd,  1902,  the  cable  steamship  Silver- 
town,  with  the  first  section  of  the  Pacific  cable  on 
board,  left  the  English  coast,  arriving  on  December  4th 
at  San  Francisco.  Having  laid  the  shore  end  of  the 
cable  the  vessel  started  for  Honolulu  December  15th, 
and  arrived  off  the  island  on  Christmas  Day,  having 
laid  the  cable  at  the  rate  of  two  hundred  miles  a  day. 
Under  separate  contract  the  laying  of  the  remaining 
sections — those  from  Honolulu  to  Midway,  Guam  and 
the  Philippines — was  undertaken  by  the  Telegraphic 
Construction  and  Maintenance  Company.  For  the 
purpose  two  special  steamships  were  fitted  up  by  the 
manufacturers,  the  Colonia  and  the  Anglia,  and  these 
left  London  April  9th  and  loth  with  more  than  6,000 
miles  of  cable  in  their  tanks.  The  longest  section 
— that  between  Guam  and  Midway — 2,606  nautical 
miles,  was  laid  by  the  Colonia,  the  largest  cable  ship 
afloat.  Starting  from  Manila  with  the  shore  end  laid, 
on  May  24th,  the  Anglia  arrived  at  Guam  on  June  2nd, 
and  two  daj'S  later  that  section  was  in  working  order. 
At  Guam  the  engineering  and  electrical  staffs  were 
transferred  from  the  Anglia  to  the  Colonia,  and  the 
latter  vessel  proceeded  to  perform  her  share  of  the 
work,  laying  the  cable  from  Guam  to  Midway,  with 
but  one  interruption,  at  the  rate  of  two  hundred  miles 
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per  day,  and  communication  was  established  over  this 
line  on  June  19th.  Here  the  Anglia,  having  in  the 
meantime  sailed  direct  to  Midwav,  again  took  up  the 
work,  and  finished  the  last  section,  that  from  Midway 
to  Honolulu,  in  time  to  allow  for  the  transmission  of 
the  wonderful  message  on  July  4th. 

Wind  Breaks  for  High  Speed  Electric  Cars. 

The  Pacific  Electric  Railway  Company,  of  Los 
Angeles,  Cal.,  has  recently  been  making  a  series  of 
■experiments  on  the  effectiveness  of  wind  breaks  in 
increasing  the  efficiency  of  its  long  distance  inter- 
urban  cars.  The  tests  were  made  on  the  Long  Beach 
division  of  the  system  extending  from  Los  Angeles  to 
the  ocean,  where  a  stiff  wind  is  encountered,  and  were 
attended  with  results  of  a  most  remarkable  character. 
Among  the  different  shaped  wind  breaks  that  were 
tried  was  one  which  resembled  the  cow-catcher  of  a 
locomotive,  its  base  being  on  a  level  with  the  floor 
of  the  car,  and  the  knife-edge  backbone  extending 
upward  at  an  angle  of  45  deg.  to  the  top  of  the  car, 
while  the  sides  rounded  off  in  a  convex  curve  till  they 
•coincided  with  the  sides  of  the  car.  Eventually  the 
iorward  part  of  the  structure  will  be  constructed  of 
^lass,  so  that  the  motor  man  may  sit  within  the  shelter 
■of  this  hood  and  control  the  car  without  being  dis- 
turbed. It  was  found  that  with  this  shield  it  required 
but  220  h.p.  to  make  a  speed  of  sixty  miles  per  hour, 
whereas,  without  it,  290  h.p.  was  necessary — a  saving 
of  about  24  per  cent,  in  power.  Also  at  a  speed  of 
iifty  miles  per  hour  the  result  in  favour  of  the  hood 
was  137  h.p.,  as  against  170  h.p.  Mr.  R.  S.  Masson,  the 
•consulting  engineer  of  the  company  under  whose 
-directions  the  tests  were  made,  declares  that  in  the 
face  of  these  highly  satisfactory  results  there  can  be  no 
■doubt  that  the  wind  break  will  soon  be  adopted  on  all 
long-distance  cars. 

The  Largest  Freight  Car  in  the  World. 

One  of  the  greatest  problems  of  modern  engineering 
is  the  devising  of  means  for  transporting  over  long 
■distances  very  heavy  iron  or  steel  castings,  such  as 
•exceed  the  carrying  capacity  of  the  ordinary  flat  car  or 
.gondola.  The  Bethlehem  Steel  Company  has  recently 
•constructed  a  special  steel  car  for  just  these  purposes, 
which  in  some  respects  may  claim  to  be  the  most  re- 
markable one  ever  built.  The  car  weighs  196,420  lb., 
•complete,  and,  as  it  is  capable  of  carrying  a  load  of 
300,000  lb.,  the  total  weight  of  car  and  load  reaches  very 
nearly  half  a  million  pounds.  Its  main  features  con- 
sist of  two  large  bridge  trusses  66  ft.  10  in.  long, 
connected  together  at  the  ends  by  short  cross  pieces 
which  bear  on  the  centres  of  two  flat  cars,  each  com- 
posed of  shorter  trusses  supported  on  si.xteen  wheels, 
so  that  the  entire  load  is  borne  by  thirty-two  wheels. 
At  each  end  of  the  main  double  truss  there  is  a  mam- 
moth king  bolt  to  allow  the  trucks  to  turn  independently 
when  rounding  curves,  In  the  centre,  where  the 
load  is  carried,  this  truss  is  six  feet  deep,  while  at  the 
ends  it  is  tapered  abruptly  on  the  top  and  bottom 
<edges,  giving  it  a  profile  resembling  that  of  a  torpedo. 


Over  all  the  car  is  103  ft.  io\  ni.  long  ;  its  greatest 
height  from  the  tracks  is  loft.  2^in.,  and  it  is  9  ft.  9  in. 
wide.  The  first  test  of  the  car  was  made  recently, 
when  some  very  heavy  castings  were  shipped  upon  it  to 
the  Carnegie  Steel  Company  for  a  12,000-ton  forging 
press.  One  of  these  castings  weighed  325,000  pounds 
and  required  in  its  making  si.x  40-ton  open-hearth 
furnaces  to  supply  the  metal. 

The  Peculiarities  of  Selenium. 

In  a  lecture  given  before  the  American  Institute 
of  Electrical  Engineers,  the  speaker,  Mr.  \V.  J. 
Hammer,  discussed,  among  other  subjects,  the  remark- 
able characteristics  of  selenium,  showing  by  lantern 
slides  and  experiments  a  few  of  its  possibilities.  The 
most  distinctive  property  of  the  substance  is  the  effect 
which  light  has  upon  its  electrical  resistance.  This 
was  illustrated  experimentally  by  placing  a  selenium 
cell  in  circuit  with  a  sensitive  relay  and  a  battery,  and 
causing  the  armature  of  the  relay,  through  the  agency 
of  a  motor,  to  operate  a  switch  for  opening  and  closing 
an  electric  light  circuit.  An  acetylene  lamp  was  placed 
so  that  its  hght  fell  on  the  selenium,  and  the  apparatus 
adjusted  to  maintain  the  switch  in  a  closed  position 
with  the  electric  lights  burning.  Thereafter  the  mere 
passing  of  the  hand  between  the  lamp  and  the  selenium 
was  sufficient  to  cause  a  v/inking  of  the  electric  lights 
as  the  circuit  was  momentarily  opened  and  closed 
again.  The  selenium  cell  used  in  this  experiment  had 
a  normal  resistance  in  the  dark  of  about  200,000  ohms, 
which  was  decreased  to  73,000  ohms  when  subjected 
to  light.  As  one  possible  field  of  usefulness  for  the 
selenium  cell  it  was  suggested  that  it  might  be  employed 
for  the  control  of  the  gas  supply  to  light  buoys,  the 
controlling  mechanism  to  be  operated  by  an  electric 
current  and  the  lighting  of  the  gas  effected  by  a  spark. 
The  setting  and  rising  of  the  sun  could  thus  be  made 
to  automatically  light  and  extinguish  the  buoy  lamp, 
and  would  afford  a  considerable  saving  in  gas  con- 
sumption and  attendance. 

Sinking  a  Mining  Shaft  Through  Quicksand. 

A  novel  method  for  sinking  a  mining  shaft  through  a 
considerable  quantity  of  swamp,  ooze  and  quicksand  is 
being  tried  by  the  Minnesota  Iron  Company,  near 
Chisholm,  on  the  Mesaba  Range.  The  process  is  the 
patent  of  Captain  Hoar,  of  Negaunee,  and  is  described 
as  follows  :  Two  heavy  sets  or  shaft  frames,  cased  on 
the  outer  side  with  steel,  are  started,  and  outside  of  them 
long  steel  lined  laths  are  driven  downward.  The  laths 
fit  closely  together,  and  may  be  driven  or  jacked 
downward  independently  of  one  another,  which  allows 
for  the  surrounding  of  any  obstructions  that  may  be 
encountered.  The  sand  and  other  material  inside  the 
laths  are  then  removed,  and  the  inside  sets  are  driven 
down,  the  process  being  repeated  to  the  bottom.  The 
shaft  is  being  sunk  at  the  rate  of  2  ft.  a  day,  and 
altogether  the  process  seems  to  prove  a  practicable 
one.  The  ledge  of  rock  at  the  point  wh.rf  thf  s!i;iM 
is  being  sunk  i?  at  a  depth  of  about  90  ft. 
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Electric  Tramways  in  Germany. 

From  the  returns  given  in  a  recent  number  of  the 
Elektrotechn-Zeitschrift,  it  may  be  inferred  that  the 
increase  of  electrically-operated  tramway  lines  in 
Germany,  during  1902,  was  about  300  kilometres,  apart 
from  about  400  kilometres  which  are  in  course  of 
construction  at  the  present  moment,  this  making 
an  aggregate  of  3,800  kilometres.  The  total 
output  of  electrical  machines  has  once  more  been 
increased  to  a  high  degree,  i.e.,  by  more  than 
14  per  cent.-,  thus  giving  a  total  sum  of  about 
124,000  kilowatts.  Another  important  item  is 
the  output  of  the  accumulators  used  in  connection 
with  the  operation  of  the  tramways,  either  as  buffer 
batteries  or  to  aid  the  machines.  Here  an  increase 
of  more  than  17  per  cent,  as  compared  with  last  year 
is  noted,  the  total  output  being  now  about  30,000  kilo- 
watts (against  25,530  kilowatts  last  year).  But  the 
growth  of  electric  tramways  is  best  illustrated  by 
the  increase  of  the  carriage  department,  the  number 
of  motor-cars  being  now  about  12,500,  as  compared 
with  7,300  last  year,  and  that  of  trailing  cars  about 
8,000,  against  5,000  last  year,  being  an  increase  of  41 
and  60  per  cent;,  respectively. 

The  above  return  is  purely  technical,  accounting 
neither  for  the  questions  connected  with  the  operation 
nor  for  financial  problems.-  The  latter,  however, 
are  considered  in  a  study  recently  published  in  the 
Zeitschrift  fi'ir  Kleinhahnen,  the  data  given  being 
relative  to  both  electric  and  horse  tramways.  Accord- 
ing to  these  statistics,  there  existed  at  the  end  of  1901 
in  Germany  186  tramway  enterprises,  with  a  working 
track  3,007  kilometresinlength.  Altogether  1,044 million 
persons  were  conveyed,  and  £'5,000,000  was  received. 
It  is  interesting  to  note  that  the  fares  are  cheapest 
in  Breslau  and  in  Frankfort  on-Main,  viz.,  about 
I 'id.  per  person.-  The  dividends  of  the  various  com- 
panies range  up  to  19  per  cent. 

Though  last  year  was  especially  unfavourable  to 
the  electrical  trade  in  Germany  there  was  nevertheless 
great  progress  in  connection  with  electric  tramways. 
But  for  this,  the  industrial  crisis  would  have  probably 
had  much  niore  serious  results^ 

International    Conference    on    Wireless     Tele- 
graphy. 

This  conference  commenced  its  meetings  on  August 
4th,  representatives  of  the  more  important  European 
countries  and  the  United  States  being  present.-  The 
following  eight  countries  accepted  the  invitation 
received  from  Germany  :  England,  France,  Italy, 
Austria,  Russia,  Spain,  Hungary  and  the  United 
State?,  each  appointing  several  representatives,  so 
that  the  conference  includes  forty-four  gentlemen, 
mostly  members  of  the  postal  and  telegraphic  depart- 
ments of  their  country.  The  conference  is  intended 
to  prepare  the  way  for  an  official  regulation  of  wireless 
telegraphy     between     the     countries    concerned  ;      its 


BERLIN,  August  20th,  1903. 

deliberations  will  therefore  have  .  an  entirely  pro- 
visional character.  The  first  meeting  took  place  at 
twelve  o'clock  noon  in  the  great  Hall  of  Sittings  of 
the  General  Post  Office,  when  Herr  Kratke,  State 
Secretary,  welcomed  those  present  in  the  name*  of 
the  Government.  The  proceedings  were  presided  over 
by  Under  State  Secretary  Sydow,  it  being  decided 
to  keep  the  deliberations  private. 

Exhibition  of  German  Civic  Life. 

An  exhibition  intended  to  give  a  comprehensive 
view  of  modern  institutions  in  great  cities,  by  the 
aid  of  graphical  and  statistical  representations,  as 
well  as  by  models,  is  being  held  at  Dresden.  This 
enterprise  will  afford  any  persons  interested  in  the 
welfare  and  progress  of  German  cities  an  opportunity 
of  obtaining  reliable  data  as  to  their  achievements 
from  a  social  or  sanitary  point  of  view,  or  with  regard 
to  public  instruction,  finances,  municipal  industrial 
concerns,  saving  banks,  etc.  Moreover,  the  results 
of  numerous  tours  of  inspection,  made  by  municipal 
commissions,  are  to  be  recorded  in  a  comprehensive 
manner. 

This  exhibition  has  been  started  on  a  suggestion 
bv  the  Lord  Mayor  of  Dresden,  which  resulted  in  a 
committee  of  128  of  the  most  prominent  manufacturers 
being  formed.  It  is  located  in  the  immediate  neigh- 
bourhood of  the  Royal  Gardens,  extending  over 
an  area  of  about  20,000  square  miles.  The  main 
Exhibition  Palace  has  been  erected  by  the  City  of 
Dresden,  at  a  cost  of  ;^9oo,ooo. 

The  Charlottenburg-  Permanent  Exhibition  for 
the  Welfare  of  Workmen. 

This  exhibition  was  opened  on  July  i8th,  con- 
sequent upon  a  meeting  of  the  Reichstag  (January 
28th,  1903),  when  the  necessity  of  such  an  enterprise 
was  freely  advocated.  The  exhibition  is  intended  to 
afford  to  both  inventors  and  manufacturers  the  means 
of  showing  in  working  order  any  machines  and  tools- 
designed  with  a  special  view  to  the  welfare  of  work- 
men. Two  section?  are  provided  for  Industrial  Hygiene 
and  Accident  Prevention  respectively,  the  latter  being 
the  more  extensive. 

Museum  for  Achievements  in  Physical  Science 
and  Engineering-. 

A  technical  museum  is  about  to  be  established  at 
Munich,  on  a  suggestion  made  by  Dr.  O.  von  Miller.' 
A  provisional  commission  has  been  formed  which,  itt 
connection  with  the  recent  Congress  of  the  Verein 
Deiilscher  Int^enieure,  invited  the  most  prominent 
exponents  of  both  engineering  and  science  in  Germany 
to  give  their  assistance  to  the  work.  This  museum  is 
intended  to  give  a  comprehensive  view  of  the  influence 
of  scientific  research  on  engineering,  and  to  illustrate 
the  historical  development  of  the  various  branches- 
of   industry,    especially    by    means   of  prominent    and 
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typical  masterpieces.  Connected  with  the  museum 
there  is  a  Museum  Association,  and  Pettenkofer's 
collection  of  physical  instruments  will  form  a  part 
ofthe  new  institute. 

Wireless  Telephony  Experiments. 

Particulars  as  to  the  recent  wireless  telephony 
experiments  by  Herr  Ruhmer  made  for  weeks  in  the 
Kiel  harbour  have  just  come  to  hand.  The  following 
ships  were  used  with  these  interesting  trials  :  the 
"vvatch-vessel  Neptim,  the  iron-clad  Kaixcr  Friedrich  III., 
and  the  little  cruiser  Nymphe,  these  vessels  being 
provided  with  Ruhmer's  instruments  for  wireless 
telephony.  At  the  beginning,  the  tests  took  place 
in  the  bay  of  Wyk,  the  distance  being  small  and  most 
satisfactory  results  being  obtained.  Later  on  the 
distance  was  increased.  Immediately  before  the 
beginning  of  the  so-called  Kiel  Week,  the  final  experi- 
ments were  made.  By  the  courtesy  of  the  Emperor 
the  Nymphe  was  allowed  to  leave  the  fleet  stationed 
at  the  mouth  of  the  Elbe  before  the  manoeuvres  had 
ended,  when  she  went  to  Kiel  to  have  her  share  in 
the  experiments.  The  latter  took  place  in  the  Kiel 
naval  port  as  far  as  Friedrichsport,  and  finally  the 
Nymphe  went  as  far  as  StoHergrund,  the  distance 
between  the  sending  and  receiving  stations  being  now 
aboat  30  kilometres.  The  working  of  the  instruments 
was  excellent,  and  apart  from  some  insignificant  disturb- 
ances the  effect  obtained  w^as  most  satisfactory. 
On  the  first  day  of  the  Kiel  Week  the  Kaiser  was 
present  during  the  progress  of  the  experiments,  and 
some  days  previously  the  chief  of  the  staff  of  the 
Admiralty,  Vice-Admiral  Biichsel,  had  convinced  him- 
self of  the  usefulness  of  the  new  system  of  transmitting 
news.  At  StoUergrund  those  present  would  distinctly 
hear  the  \vords  spoken  on  board  the  Neptun  anchoring 
near  the  Military  Academy.  The  I'esults  ascertained 
by  representatives  of  the  navy  as  well  as  by  experts 
fully  prove  the  usefulness  of  the  system  for  the  navy. 
These  experiments  are  likely  to  result  in  the  official 
adoption  of  the  Ruhmer  system  in  the  German  Navy- 

Professor    Slabys    Experiments     in    Wireless 
Telegraphy. 

That  well-known  expermienter  in  the  field  of  wireless 
telegraphy.  Professor  Slaby,  has  been  granted  a 
subvention  of  £1,000  by  the  jubilee  fund  of  German 
industry,  for  continuing  his  researches:  We  now 
learn  that  in  connection  with  the  conference  above 
mentioned,  a  preliminary  report  has  been  presented 
to  the  Council.  These  experiments  first  dealt  with  the 
question  as  to  the  part  played  by  the  earth  in  connection 
with  wireless  telegraphy.  By  means  of  extensive  zinc 
armatures  on  the  ground  of  his  laboratory  the  author 
■was  able  to  construct  a  sort  of  artificial  earth,  and  to 
study  the  propagation  of  electric  waves  along  the 
ground,  when  he  announced  the  presence  of  stationary 
waves,  giving  evidence  of  the  important  role  played 
by  the  conductive  surface  of  earth.  The  theory  of 
closed  sending  apparatus  was  not  so  far  able  to  account 
for  the  distance  effects  of  such  sender  types.  Professor 
Slaby   now  succeeds  in   reducing   them   to  the  action 


of  the  upper  harmonics  and  in  establishing  a  novel 
theory,  the  results  of  which  are  in  a  most  satisfactory 
accord  with  experiments.  The  author  further  dealt 
with  the  design  of  instruments  enabling  even  unskilled 
persons  to  measure  the  wave  length  of  a  transmitting 
station.  About  a  dozen  different  types  have  been 
experimentally  studied  and  shown  to  be  fully  suitable. 
The  author,  we  learn,  is  at  the  present  moment  engaged 
in  studying  new  sender-types,  it  being  anticipated 
that  a  better  method  of  tuning  different  stations  will 
be  derived  from  these  experiments,  which  are  shortly 
to  be  recorded  in  an  extensive  treatise. 

Electric   Traction  on  the   Berlin-Gross  Lichter- 
felde  (Ost)  Railway. 

One  of  the  numerous  Berlin  suburban  railways,  viz., 
the  Berlin-Gross-Lichterfelde  (Ost)  line  has  lately  been 
electrified.  This  line  has  a  total  length  of  9*2  kilometres, 
the  working  section  proper  being  9'05  kilometres. 
A  power  station  located  at  a  distance  of  about 
500  metres  from  Papestrasse  station  in  the'  imme- 
diate neighbourhood  of  the  Ringbahn  will,  by  means 
of  a  1,600  kilowatt  machine,  aided  by  the  remaining 
tramway  dynamos  and  by  a  buffer  battery,  furnish 
the  working  current  for  the  whole  of  this  line. 
The  trains  will  at  the  outset  comprise  two  third-class 
and  two  second-class  motor-cars  of  a  weight  of  about 
123  tons,  affording  sitting  accommodation  for  206 
persons.  They  are  to  be  run  at  intervals  of 
twenty  minutes,  these  intervals  being  diminished 
to  ten  minutes  in  times  of  pressure.  The  intro- 
duction of  a  five  minutes'  .service  is  contemplated  in 
the  near  future.  This  suburban  railway  is  operated 
with  550  volts  direct  current  conveyed  by  means  of 
three  cables  to  a  switch-board  house  located  in  the 
neighbourhood  of  the  working  station.  Four  cables 
will  thence  lead  to  the  two  current  rails,  two  to  each 
of  them ;  these  current  rails  are  insulated  as  third 
rail  along  the  two  tracks,  yielding  the  current  to  the 
125  h.p.  motors  of  the  cars,  whence  it  is  led  back  through 
the  running  rails. 

New  Electric  High-Speed  Traction  Experiments. 

The  new  electric  traction  plant  on  the  Berlin  suburban 
line  Johannisthal-Spindlersfelde  is  now  so  advanced  that 
trials  are  likely  to  be  started  in  the  course  of  August. 
Between  the  State  railway  administration  and  the 
Union  El.  Company  arrangements  have  been  made 
for  the  trials  to  be  finished  in  the  course  of  not  more 
than  two  years.  The  plant  is  being  supervised  by 
special  State  railway  officials,  and  in  the  event  of  its 
proving  satisfactory,  the  administration  reserves 
itself  the  right  of  purchase.  At  Spindlersfelde  Station 
there  has  been  established  a  special  track  80  metres  in 
length  with  the  necessary  switching  appliances,  the 
electrical  equipment  of  the  track  being  connected  to  the 
Oberspree  Power  Station.  .\s  to  the  means  of  operation, 
the  State  railway  authorities  have  placed  at  the  disposal 
of  the  Union  Company  two  six-axle  carriages,  fitted  with 
compressed  air  brakes,  which  have  been  transformed 
into  motor-cars.     These  motor-cars  will,  at  the  outset. 
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be  run  alone,  the  current  used  being  mono-phase 
alternative  current  at  a  tension  of  6,000  volts.  By 
using  the  new  type  of  alternath'e  current  motors 
it  is  intended  rendering  the  current  supply  to  raihvaj-s 
nearly  as  simple  as  is  now  the  case  with  tramways. 
Moreover,  no  transformation  of  the  alternative  current 
into  direct  current  (in  special  transformer  stations) 
will  be  necessary,  thus  ensuring  a  considerable  saving 
in  the  cost.  In  the  case  of  the  motor  carriage  trials 
proving  satisfactory  it  is  contemplated  running  experi- 
mental trains,  for  which  purpose  three  carriages  are 
to  be  equipped  as  trailers.  At  the  same  time  experi- 
ments with  electric  lighting  and  heating  of  trains 
are  to  be  made. 

Electrically  Driven  Looms. 

It  is  gratifying  that  in  the  struggle  going  on  between 
manufacturer  and  domestic  industry  in  some  parts 
of  Germany,  the  latter  should  occasionally  have  its 
share  also  in  the  achievements  of  modern  engineering. 
A  co-operative  enterprise  with  a  view  to  supplying  the 
domestic  weavers  (of  the  silk  ribbon  trade)  in  the 
Southern  Black  Forest  with  electric  power  has  lately 
been  started  in  the  Hotzenwald  district,  it  being 
contemplated  to  drive  by  electricity  the  looms  of 
five  hundred  weavers  living  in  twenty-eight  different 
localities.  The  cost  of  establishment  for  the  whole 
of  the  power  plant  is  estimated  at  about  £17,000,  this 
sum  to  be  supplied  by  the  Wald-Elektra  Sackingen- 
Waldshut  Power  Company,  apart  from  a  subvention 
granted  by  the  Government.  The  significance  of  this 
enterprise  is  its  enabling  the  above  branch  of  textile 
industry  to  be  preserved  as  a  house-industry,  securing 
a  yearly  income  of  about  ;£  15,000  to  the  poor  inhabi- 
tants of  that  part  of  the  Forest.  Moreover,  the 
diminution  of  strain  on  the  physical  strength  and 
health  of  the  weavers  will  allow  of  people  of  even 
moderate  strength  devoting  themselves  to  domestic 
weaving  without  endangering  their  health,  so  that  a 
rational  division  of  work  can  be  made  between  the 
members  of  the  same  family,  especially  during  the 
season  of  rush  in  the  silk  trade.  Moreover,  weavers 
will  be  in  a  position  to  deal  with  stouter  goods,  securing 
them  higher  profits,  apart  from  the  sanitary  advantages 
attendant  on  electric  operation  and  lighting. 

Worlcing-  Brass  and  Related  Copper  Alloys. 

This  was  the  subject  of  a  lecture  by  A.  Hilpert 
lately  delivered  at  Munich  and  recorded  by  Dingley's 
Polytechn.  Journal.  Brass  and  similar  copper-zinc 
alloys,  containing  small  percentages  of  zinc,  as  is 
known,  are  liable  to  be  wrought  by  forging,  pressing, 
rolling,  etc.,  only  in  the  cold  state,  whereas  on  being 
worked  in  the  heated  state,  they  will  prove  brittle. 
For  higher  amounts  of  zinc,  however,  beginning 
with  38-45  per  cent.,  these  alloys  are  readily  wrought 
even  at  high  temperatures,  this  property  being  in- 
creased, when  small  amounts  of  iron,  lead,  phosphorus, 
manganese,  tin  or  aluminium  are  added.  These 
forgeable  alloys  with  low  percentages  of  copper  are 
wrought    by    forging,    jumping,    pressing    or    rolling. 


On  account  of  the  higher  velocity  of  cooling,  the 
working  of  these  alloys  should  be  finished  in  less  time 
than  in  the  case  of  iron.  In  order  to  obtain  irre- 
proachable surfaces  and  uniform  thickness,  sheet-metal 
and  thin-walled  tubes  are  wrought,  rolled  and  drawn 
in  the  cold  state.  Ill  the  form  of  rods,  both  brass  and 
delta-metal  are  now  frequently  brought  to  a  hot 
state,  by  pressing,  according  to  Dick's  process,  when 
several  rods  may  be  produced  from  one  matrix. 
The  diversity  of  cross  sections  of  the  rods  allows  of 
the  material  being  prepared  with  a  view  to  production 
on  a  large  scale,  according  to  the  cutting-process. 

The  main  advantages  of  pressing,  as  compared 
with  rolling,  are  said  to  consist  in  the  production  of 
smoother  surfaces  with  higher  strengths,  comparative 
experiments  on  rolled  and  pressed  materials  respec- 
tively giving  the  values  recorded  in  the  following 
table  : — 


Tensile 

strength. 

Shearing 

] 
strencSth. 

Ky;/tq.  mm. 

Mr.terial. 

Rolled. 

Pressed. 

Rolled 

Prtssed. 

Brass  containing — 

60  per  cent,  copper 

34'4 

37- 

267 

254 

5«    „       „ 

40-5 

425 

28-2 

-7'3 

55    „       M 

47  <> 

5^'^ 

35-^ 

31  3 

Munt/  metal    

50-5 

546 

— 

— 

Aluminium  bronze... 

55'0 

653 

— 

— 

Delta  metal      

733 

766 

— 

The  alK)ve  figures  show  that  the  strength  decreases 
with  augmenting  percentages  of  copper,  the  tensile 
strength  of  pressed  material  being  greater,  and  its 
shearing  strength  lower  than  that  of  rolled  material. 

Electricity  in  Mines. 

In  a  pajier  read  at  a  recent  meeting  of  the  Chemnitz 
section  of  the  Vcreiii  Dentscher  Inqenisitye,  Herr 
Schreihage  discusses  the  different  types  of  current 
liable  to  be  used  in  connection  with  power  transmission 
in  mines.  Direct-current  presents  the  advantage  of 
ready  regulation  of  the  speed  of  the  motors  within 
ratlier  extensive  limits  ;  on  account,  however,  of  the 
impossibility  of  an  adequate  insulation,  the  use  of 
economical  high-tension  currents  of  this  kind  is  rendered 
impossible.  Rotary  currents,  on  the  other  hand, 
allow  of  high  tensions  being  used  with  perfect  insula- 
tion, though  the  number  of  revolutions  be  less  easily 
regulated.  That,  however,  in  some  special  cases 
continuous  current  may  as  well  be  resorted  to,  is 
shown  by  the  2,800  h.p.  direct  current  hoisting  machine, 
as  constructed  by  the  Siemens  and  Halske  Company 
for  the  Gelsenkirchener  Bergwerks-A.G. 

The  author  gives  a  comprehensive  review  of  the 
different  uses  to  which  electricity  may  be  put  in 
connection  with  mining,  the  arrangements  of  motors, 
diagrams  and  systems  of  operation  being  especially 
dealt  with,  together  with  numerical  data  as  to  the 
economy  of  both  the  old  and  electric  methods. 
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Johannesburg  Sewerage  Scheme. 

The  next  large  engineering  undertaking  contem- 
plated bv  the  Johannesburg  Town  Council  is  an  extersis  e 
sewerage  scheme  to  gradually  displace  the  existing 
pail  svstem  of  sanitation.  At  present,  only  the  general 
outline  of  the  proposed  works  has  been  settled,  and 
the  south-western  district  of  the  municipal  area  will 
be  dealt  with  first.  This  contains  about  14,000  acres, 
and  has  a  difference  of  levels  from  the  highest  to  the 
lowest  point  of  455  ft.  The  ultimate  population  of 
this  district  is  estimated  at  218,000,  but  in  the  immediate 
future  at  only  110,000.  Of  the  ultimate  total,  it 
is  assumed  that  57,000  will  be  resident  in  the  urban 
area,  containing  1,456  acres,  and  in  which  better 
sanitation  is  most  urgently  required,  and  which  will 
therefore  be  the  first  to  be  served,  although,  of  course, 
the  main  outfall  sewer  will  be  equal  to  the  requirements 
of  the  whole  district. 

The  following  particulars  have  been  extracted  from 
the  comprehensive  official  report  of  Mr.  D.  Leitch, 
M.Inst. C.E.,  the  town  engineer.  Owing  to  the  rainfall 
being  confined  to  the  summer  season,  it  cannot  be 
relied  upon  for  flushing  purposes,  and  for  the  further 
reason  that  all  available  surface  water  is  required  by 
the  mines,  it  is  proposed  to  provide  an  entirely  separate 
system  of  channels  and  culverts  for  surface  drainage, 
and  to  exclude  all  rain-water  from  the  sewers,  except 
in  special  cases. 

The  sanitary  system  is  based  upon  an  allowance  of 
40  gallons  of  water  daily  per  head  of  population,  and 
the  main  outfall  sewer  will  be  oval  in  section,  with 
dimensions  varying  from  i  ft.  8  in.  b}'-  2  ft.  6  in.,  to 
2  ft.  4  in.  by  3  ft.  6  in.  It  is  proposed  to  construct 
this  and  the  other  large  sewers  of  armoured  concrete 
pipes  (made  in  lengths  of  from  2  ft.  to  4  ft.)  in  those 
parts  of  the  system  where  they  can  be  laid  in  open 
trenches,  but  in  those  places  where  it  is  necessary  to 
build  them  in  headings,  concrete  rammed  round  centering 
will  be  used.  For  carrying  the  outfall  main  across 
vallevs  the  use  of  steel  pipes  supported  on  suspension 
bridges  is  recommended  in  the  report. 

It  is  proposed  to  call  for  tenders  locally,  and  also 
in  England,  for  the  supply  of  stoneware  and  cement 
pipes,  and  the  following  estimates  are  given  of  the 
requirements  for  the  urban  portion  of  the  area  under 
consideration  : — 

Glazed  stoneware  sewerage  pipes.  .  ..      i'^l.l'^o 

Glazed  stoneware  storm-water  pi2:)es       ..        17,170 
Additional  for  house  connections  .  .  7.870 


Armoured  concrete  sewers 
Concrete  rings  for  manholes 


;^38.76o 

;^48.548 
1.237 

i;49.785 


JOHANNESBURG,  Aug.  lOih,  1903 

In  addition  to  the  items  already  mentioned  and 
the  ironwork  for  gullies,  manholes,  ventilators,  etc., 
there  will  be  a  considerable  opening  for  manufacturers 
of  sanitary  appliances  for  houses.  These,  although 
provided  by  the  individual  owners,  will  be  subject  to 
regulations  under  which  only  the  most  modern  and 
suitable  types  will  be  allowed.  The  following  pro- 
visional estimate  relates  to  the  work  for  which  detailed 
designs  are  now  being  prepared,  and  is  exclusive  of 
house  connections  and  internal  fittings  : — 

Storm  water  drainage  in  urban  area        .  .  ;^203,40o 

Sanitary  system  in  urban  area      ..           ..  114,320 

Outfall  sewer  to  municipal  boundary      .  .  56,740 
Extension  of  outfall  main  and  for  dis- 
posal works        .  .           .  .           .  .           .  .  164,450 

Sewerage  of  outlying  townships  in   S.W. 

district     .  .           .  .           .  .           .  .           .  .  102,600 


Total 


^641,510 


South  African  Ports  and  Transvaal  Ports. 

The  following  figures  serve  n(jt  only  to  show  what 
a  large  market  there  is  in  the  Transvaal  for  imported 
materials  of  all  kinds  at  the  present  time,  including 
foodstuffs,  of  course,  as  well  as  machinery  and  mining 
requisites,  but  they  also  give  a  rough  idea  of  the  dis- 
tribution of  the  business  between  the  several  maritime 
States.  The  imports  to  the  Transvaal  during  the 
first  four  months  of  the  present  year  were  : — 

Via  Natal ;^3.423.365 

,,     Cape  Colony    .  .  .  .  3.309.300 

,,     DelagoaBay..  ..  1,226,345 


Total 


;{7,950,oio 


Prospecting  for  Diamonds. 

Both  the  Transvaal  and  Orange  Free  State  are 
being  well  prospected  for  diamond  mines  just  now, 
and  several  discoveries  have  been  recently  reported 
from  the  neighbourhood  of  Klerksdorp.  Diamonds, 
however,  difter  from  gold  in  that  an  enlarged  pro- 
duction depresses  their  value  more  rapidly,  and  the 
discovery  of  too  many  mines  may  tend  to  defeat  the 
object  of  the  prospectors. 

Johannesburg  Tramways. 

The  tenders  sent  in  for  the  supply  of  the  material  of 
the  municipal  electric  tramway  are  W\wg  considered  by 
the  .Municipal  Council.  The  Tramway  Connniitee 
recommend  the  acceptance  of  the  Brush  Electrical 
Engineerinj;;  Company  slender  for  grooved  and  Vignolcs 
rails  and  fishplates,  of  Belgian  make,  at  ^74.54''.  ^^'H^ 
2.J  per  cent,  discount.  The  British  tenders  lor  tiiesc 
are  articles  considerably  higher. 
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THE  RAISING  OF  WATER  FROM 
DEEP  WELLS  AND  BORINGS  BY 
COMPRESSED    AIR. 

MR.  WILLIAM  H.  MAXWELL,  Asso.- 
M.Inst.C.E.,  at  the  Bolton  meeting  of 
the  British  Association  of  Waterworks  Engi- 
neers, contributed  a  paper  on  the  above  subject, 
having  undertaken  to  do  so,  first,  because  in 
the  year  1900  he  installed  an  "  air-lift  "  pumping 
plant  at  the  Corporation  waterworks,  Tunbridge 
Wells,  which  plant  has  since  been  in  constant 
use  ;  and,  secondly,  because  very  little  reliable 
information  as  to  the  working  results  obtainable 
by  this  system  has  hitherto  been  published. 

The  use  of  compressed  air  for  power  transmission 
has  been  a  matter  of  careful  study  and  experiment 
on  the  part  of  engineers  for  some  considerable  time 
past,  but  it  is  only  during  more  recent  years  that  the 
"  air-lift  "  system  has  been  applied  to  any  practical 
extent  to  the  raising  of  water  from  deep  wells  and 
borings  in  this  country.  Tn  many  cases  of  mining, 
tunnelling,  rock-drilling,  etc.,  the  use  of  compressed 
air  is  the  only  available  means  of  performing  the 
services  required,  and  the  elementarv  question  of  fuel 
economy  is  of  secondary  importance  under  such 
circumstances. 

The  successful  adoption  of  the  system  of  raising 
water  by  the  use  of  compressed  air  is  likewise  dependent 
upon  the  conditions  peculiar  to  the  case  under  treat- 
ment, and  it  is  therefore  essential  that  the  waterworks 
engineer,  before  resorting  thereto,  should  carefully 
consider  whether  the  special  circumstances  of  the  case 
are  such  as  to  fully  warrant  its  adoption. 

DESCRIPTION    OF  TUNBRIDGE  WELLS    PLANT. 

The  main  factor  which  influenced  the  decision  to 
apply  the  "  air-lift  "  system  at  Tunbridge  Wells 
(which  decision  was  arrived  at  prior  to  the  author's 
appointment  as  waterworks  engineer),  was  the  possi- 
bility of  operating  the  boring  from  the  existing  pumping 
station  and  avoiding  the  erection  of  any  buildings, 
foundations,  or  machinery  requiring  personal  super- 
vision at  the  site  of  the  boring,  which  is  situated  some 


530  yards  away  from  the  pumping  station.  The 
boiler  power  was  also  sufficient  to  supply  the  steam 
required  for  the  compressors  without  any  additional 
boilers,  settings,  or  buildings  for  same,  and  the  air- 
compressing  plant  involved  no  extra  attendance,  as  a 
new  steam  pumping  plant  was  then  being  installed, 
and  one  extra  mechanic  was  able  to  attend  to  both 
sets  of  plant. 

The  compression  is  carried  out  in  two  stages,  the 
lirst  to  a  pressure  of  25  lb.  per  square  inch,  and  the 
second,  after  intercooling,  to  the  pressure  required, 
which  varies  from  90  lb.  to  100  lb.  per  square  inch, 
according  to  the  depth  of  the  water  in  the  boring. 
The  air  is  delivered  into  a  large  steel  receiver  situated 
in  the  engine-house,  whence  it  is  conveyed  to  the  wells 
by  means  of  a  4-in.  cast-iron  pipe.  This  main  is 
formed  of  ordinary  spigot  and  socket  pipes  with  lead 
joints,  which,  however,  shortly  after  starting  the  plant, 
showed  signs  of  leakage  adjacent  to  the  receiver. 
This  was  traced  to  the  expansion  and  contraction 
of  the  pipes  due  to  the  high  temperature  of  the  air, 
and  was  effectually  prevented  by  fixing  a  cooler  on 
the  air-pipe  between  the  second  stage  compressor 
and  the  receiver. 

There  are  two  sets  of  engines  and  compressors 
designed  to  deliver  a  sufficient  volume  of  air  to  lift  the 
desired  quantity  of  water,  if  needs  be,  over  a  standpipe 
20  ft.  high  above  ground  level.  The  engines  are  com- 
pound, with  cylinders  Sin.  and  12  in.  diameter  re- 
spectively, the  air-compressing  Cylinders  being  10  in. 
(first  stage)  and  6  in.  (second  stage)  diameter  re- 
spectively. The  stroke  in  each  case  is  14  in.  The 
air-cylinders  are  water-jacketed  at  sides  and  covers, 
The  clearance  in  the  air-cylinders  does  not  exceed  i  per 
cent,  of  the  capacity.  The  air  is  drawn  from  outside 
the  building,  and  is  carried  in  an  earthenware  pipe 
under  the  floor  to  the  inlet  valves,  so  that  it  enters  the 
compressors  at  the  lowest  possible  temperature. 

The  inter-cooler  (between  first  and  second  stages  of 
compressors)  is  formed  of  a  series  of  "  Rows  "  tubes 
cooled  by  circulating  water.  This  is  also  fixed  outside 
the  engine  house. 

Provision  is  made  for  draining  off  the  water  which 
is  precipitated  in  the  receiver  owing  to  the  compression 
of  the  air,  and,  similarly,  any  oil  carried  forward 
by  the  air  from  the  cylinders  is  also  precipitated 
here,  and  drained  away  from  time  to  time.     As  a  further 


(Ifu) 


Notable    British    Papers. 


281 


safeguard,  another  trap  is  provided  near  tlie  boring 
for  the  same  purpose.  In  some  cases,  however, 
the^ receiver  is  filled  with  coke  in  order  to  arrest  any 
oircarried  forward  with  the  air. 

I  The  boring  is  350  ft.  deep,  penetrating  the  Wadhurst 
clay  to  a  depth  of  204  ft.  6  in.,  and  the  Ashdown 
sands  to  a  further  depth  of  145  ft.  6  in.  The  upper 
portion  is  lined  with  15-in.  steel  tubes,  and  the  lower 
portion  (150  ft.)  with  steel  perforated  tubes,  13^  in- 
diameter.  The  rest  level  of  the  water  is  about  96  ft. 
from  the  surface,  and  the  pumping  level,  when  drawing 
at  the  rate  of  32,000  gallons  her  hour,  is  about  120  ft. 
from  the  surface,  but  on  the  cessation  of  pumping 
the  water  resumes  its  rest  level  very  rapidly. 

The  water  pipe,  or  rising  main,  is  7  in.  diameter,  and 
is  carried  to  within  a  few  feet  of  the  bottom  of  the 
boring.  The  air-pipe  was  originally  U  in.  diameter,  but 
was  subsequently  increased  to  2^  in.  diameter,  an 
alteration  which  reduced  the  air  pressure  required 
from  105  lb.  to  91  lb.  per  square  inch,  the  latter  figure 
corresponding  very  closely  to  the  head  of  water  above 
the  bottom  of  the  air-pipe,  and  thus  proving  the  loss 
by  friction  to  be  reduced  to  a  minimum. 

In  a  trial  run  for  io|  hours  made  soon  after  the  plant 
was  installed,  an  average  of  31,402  gallons  per  hour 
was  raised  from  this  boring  under  a  head  of  133  ft., 
whereas  an  ordinary  single-acting  pump,  such  as  could 
be  fixed  in  a  boring  of  this  small  diameter,  would  not 
give  more  than  about  i>!,300  gallons  per  hour. 

The  plant  was  made  and  erected  by  Messrs.  Hughes 
and  Lancaster,  of  London  and  Ruabon,  and  the  cost, 
including  two  compressors  with  compound  engines, 
air  main,  air  and  water  pipes  in  borings,  condenser  feed 
and  air  pumps,  was  £3,374  17s.  6d. 

COMPARISON    BETWEEN    DIFFERENT   SYSTEMS   OF 
PUMPING. 

Having  to  provide  pumping  plant  for  a  boring 
154  in.  diameter  and  400  ft.  deep,  situated  in  an 
isolated  and  somewhat  inaccessible  position,  the  author 
has  made  a  careful  estimate  of  the  comparative  cost  of 


pumping  and  maintenance  with  the  three  alternatives  of 
(i)  "air-lift,"  {2)  steam  engine,  and  (3)  oil  engine — both 
the  latter  operating  ordinary  borehole  pumps,  and  in 
each  case  taking  into  account  the  capital  charges 
involved.  The  results  are  shown  in  the  following 
statement,  the  lift  being  assumed  as  too  ft.,  and  the 
worlring  hours  3,000  per  annum  : — 

I.  CoMi'RhssKO  .Air  Plant. 
(I. 
Capita!  charges,  labour,  and  repairs     ri6    per  i,ooc  gals. 
Fuel  as  per  test,  October  7th,  1902     1-073         ,,  ,, 

Total  2233         „ 

2.  Steam  E.ngine  and  Borehole  Plmi'. 

(1. 
Capital  charges,  labour,  and  repairs     2-4      per  1,000  gals. 
Fuel  (average  of  tests  by  the  author)     05  ,,  ,, 


Total 


2-9 


3.  Cheap    Fuel   Oil   Encjinr    Plant   and   Borehole 
Plmi'. 

Capital  charges,  labour,  and  repairs     1-53    per  1,000  gals. 
*Crude  oil  fuel  ...         ...         ...     02^  ,,  ,, 


Total 


1-78 


ADVANTAGES  AND    DISADVANTAGES   OF    "AIR-LIFT" 
SYSTEM. 

In  conclusion,  the  author  will  summarise  some  of  tht 
most  important  general  features  of  the  "air-lift  "  system 
as  ascertained  from  his  own  experience.  The  most 
suitable  conditions  under  which  the  system  may  be 
applied  appear  to  be  those  which  exist  at  Tunbridge 
Wells — viz.,  where  a  boring  is  situated  in  an  isolated 
and  somewhat  inaccessible  position  and  the  air- 
compressing  plant  can  be  placed  on  an  existing  pumping 

*  At  a  trial  of  a  crude  oil  engine  plant,  working  at 
Grantham,  the  cost  of  fuel  averaged  only  O'l M3d.  per 
1,000  gallons  raised  100ft.,  the  price  of  crude  oil  being 
2^d.  per  gallon. 


TABLE   I. 

Tests  of  "  Air-Lift  "—Tunbridge  Wells  Waterworks. 


1 

2 

3 

4 

5 

6 

7 
Cubic  Feet 

8 

9 

10 

Water 

Levels 

ielow  Ground 

Average  Rate 

Cubic  Feet 

of  Air  per 

Volumes 

Ratio  of  h 

iinei-sion  of 

Mo.  of 

Sur 

ace. 

of  Deliveiy 

of  Water 

Minute 

01  Free 

.Air-Pipt 

to  Lift. 

Date  of  lest. 

Test. 

per  hour  in 

Delivered 

(Atmo- 

Air  to  I  of 

Start. 

Finish. 

Gallons. 

per.Minute. 

spheiic 

Watfr. 

At  Start. 

At  Finish. 

Pressurt ). 

1 

ft. 

in. 

ft.     in. 

June  3rd.  1901    

I 

H 

0 

106    0 

24,100 

f'4-3 

173-6 

2-69 

3-01  to  I 

2-2     to    I 

1  April   Iith-i7th,  1901 

2 

89 

0 

130     9 

29,055 

77-5 

577 

4-8 

2-8    to   1 

16    to  I 

July  (latter  part),  1901 

3 

94 

0 

124    0 

30,446 

81-2 

285-3 

3-5 

2-6     to    I 

1-72  to  I 

i  July  I4th-20th,  1902  ... 

4 

120 

0 

158    6 

i9,7«5 

528 

447 

8-4 

18    to  I 

113  to  I 

,    October  7tli,  1 902      ... 

5 

103 

9 

125    9 

27,636 

737 

421-8 

57 

227  to  1 

1-69  to  I 

October  21st,  1902    ... 

6 

109 

7 

124    6 

27,ii<7 

727 

398 

5  "4 

2  1     to    I 

1  71  to  I 

February  12th,  1903... 

7 

96 

6 

112     8 

26,289 

70-1 

260  5 

37 

2  46  to   I 

1-96  to  I 

Note.— The  fuel  tost  per  1,000  gallons  raised,  Test  No.  ;;,  with  water  levels  varying  between  103  ft.  9  in.  and 
125  ft.  9in  ,  was  ro73d.,  with  coal  at  25s.  5d.  per  ton.  During  the  early  months  of  the  present  year  (n;03),  with  water 
levels  between  98  ft.  and  1 18  ft.  below  surface,  the  fuel  cost  was  ■97d.  per  1,000  gallons. 
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station,  involving  but  little  outlay  in  the  erection  of 
new  foundations  or  buildings,  or  the  purchase  of 
additional  land,  and  without  incurring  the  provision 
of  additional  labour  at  the  site  of  the  boring.  To 
secure  satisfactory-  results,  however,  it  is  important 
that  the  difference  between  the  rest  level  and  the 
pumping  level  of  the  water  should  not  be  excessive, 
that  the  fluctuations  of  the  same  should  be  ascertained 
beforehand,  and  that  the  ratio  between  the  immersion 
of  the  air-pipe  and  the  total  lift  of  the  water  should 
be  adjusted  to  the  most  suitable  proportions,  and  not 
greatly  varied  in  ordinary  working. 

Although  it  cannot  be  denied  that  the  cost  of  fuel 
involved  by  the  "air-lift"  exceeds  that  required  with 
a  «team  or  oil  driven  pump  of  the  ordinary  form,  yet 
the  author  believes  that,  under  suitable  conditions, 
the  former  will  prove  to  be  preferable,  taking  all 
charges  into  account  in  each  case.  The  absence  of 
any  moving  parts  in  the  boring  secures  a  great  reduc- 
tion in  the  cost  of  repairs  and  maintenance,  as  well 
as  in  supervision  and  all  other  charges  incidental  to  an 
additional  pumping  station.  There  is  also  a  great 
advantage  in  the  use  of  the  "air-lift"  in  cases  where  the 
water  contains  iron,  as  the  aeration  is  carried  out 
very  thoroughly  in  the  boring,  and  after  the  water 
has  reached  the  surface,  the  precipitation  of  the  iron 
takes  place  more  speedily.  On  the  other  hand,  the 
system  is  by  no  means  suitable  to  all  circumstances, 
snd  should  not  be  resorted  to  unless  the  conditions  of 
working  are  specially  favourable  to  its  use. 


ELECTRICAL    UNDERTAKINGS. 

A  USEFUL  and  interesting  paper  was  read 
before  the  Institution  of  Mining  Engineers 
by  Mr.  T.  P.  Osborne  Yale  on  "  Electric 
Power  Distrilxition  by  Continuous  Current  for 
Mining  and  General  Purposes  in  North  Wales." 
The  paper  was  chiefly  designed  to  illustrate  the 
way  in  which  the  supply  of  electricity,  either 
public  or  private,  in  this  country,  is  hampered 
by  existing  laws  ;  and  how,  under  exceptional 
circumstances,  a  supply  may  be  given  to  the 
public  without  statutory  powers.  It  also  dealt 
with  some  of  the  }:)oints  to  be  considered  in 
deciding  on  the  use  of  the  3-phase  or  continuous 
current  in  this  country. 

The  district  with  which  the  paper  was 
concerned  lies  in  the  north-eastern  corner  of 
Merionethshire,  and  has  long  been  one  of  the 
great  centres  of  the  slate  industry. 

Power  is  chiefly  required  at  Blaenau  Festiniog 
for  haulage  on  the  inclines,  for  sinking  and  for 
pumping  ;  and  also  for  driving  the  mills  and 
repairing  shops.  Referring  to  the  reasons  which 
induced   him   to    advise    the    'Adoption   of   the 


continuous  current  system,  the  author  remarked 
that  :— 

He  is  entirely  in  favour  of  the  use  of  3-phase  current 
when  the  limits  of  low-pressure  can  profitably  he 
exceeded,  hut  it  must  be  understood  that  although  the 
Ijoard  of  Trade  declare  the  limits  of  low-pressure  for 
continuous  current  to  be  fco  volts,  they  place  the  limit  for 
3-phase  current  at  250  volts.  Otlierwise,  he  considers- 
that  each  system  must  be  considered  on  its  merits  in 
relation  to  any  particular  case. 

With  regard  to  the  case  under  discussion,  the  reasons- 
for  adopting  continuous  current  were  as  follows  :  (i)  The 
Board  of  Trade  limits  for  low-pressure  are  only  250  volts- 
for  3-phase  whilst  they  allow  500  volts  for  continuous 
current.  This  fact  alone  was  sufficient  to  decide  in  favour 
of  the  latter.  (2)  Even  if  it  had  been  permissible  to- 
employ  3-phase  current  at  the  same  voltage  as  con- 
tinuous current,  namely,  500  volts,  then  the  weight  of 
copper  in  the  line  would  have  been  about  50  per  cent, 
greater,  for  the  same,  titiciency.  (3)  The  regulations, 
generally,  are  more  favourable  to  continuous  current. 
(4)  There  was  less  likelihood  of  disturbance  to  telegraph 
and  telephone  lines  from  continuous  than  from  3-phase 
current. 

Discussingthe present  state  of  the  lawregarding, 
electrical  undertakings,  the  writer  urged  the 
following  reforms  : — 

(I )  The  Xo.  3  regulation  of  the  Board  of  Trade,  limiting 
the  pressure  of  supply  to  a  consumer  to  250  volts,  should 
be  modified  very  much  in  favour  of  higher  pressure  for 
power,  as  distinct  from  house-lighting  purposes,  without 
having  to  obtain  special  permission,  which  complicates 
matters  and  may  even  stop  progress  altogether  in  many 
cases.  Of  course,  such  higher  pressure  would  be  subject 
to  regulations  for  the  public  ^afety  the  same  as  all 
existing  lines.  (2)  Xo.  14  regulation  requiring  that  "  no 
high  pressure  ;erial  line  shall  be  used  to  transmit  more 
than  50  kilowatts  (that  is  about  67  h.p.)"  without 
the  consent  of  the  Board  of  Trade,  should  be  abolished  ; 
and  (3)  other  regulations  should  also  be  amended  in 
accordance  with  the  preceding  suggestions,  and  the 
absolute  veto  of  the  local  authorities  should  also  most 
certainly  be  done  away  with. 

There  was  a  somewhat  prolonged  discussion,, 
which,  however,  had  a  practical  outcome,  for 
Dr.  Le  Neve  Foster  proposed  the  formation  of  a 
committee  to  inquire  into  the  points  raised. 
In  doing  so,  he  desired  it  to  be  understood  that 
he  had  not  the  slightest  feeling  of  hostility  to 
the  Board  of  Trade.  He  felt  sure  that  these 
restrictions  were  made  by  the  Board  of  Trade 
originally  in  perfect  good  faith  and  with  a  desire 
to  preserve  human  life.  He  moved  the  following 
resolution  :  "  That  the  Council  be  empowered 
to  appoint  a  committee  to  consider  the  present 
restrictions  imposed  by  law  on  the  transmission 
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of  electrical  power,  and  to  take  such  steps  as 
the\-  may  deem  advisable." 

Mr.  Mitchieson  seconded,  and  the  resolution 
was  carried  ut'))i.  con. 


FIRE    PREVENTION    IN    COAL 
MINES. 

\  X  important  paper  on  Underground  Fires 
-^^  was  read  before  the  International  Fire 
Prevention  Congress  by  Professor  F.  \V. 
Hardwick,  M.A.,  A.M.Tnst.C.E  ,  who  dealt  with 
these  conflagrations  in  two  classes  :  (i^i  Fires  due 
to  various  causes — chietiy  ignition  of  coal,  timber, 
or  other  combustible  material  in  the  mine  ;  and 
(2)  fires  due  to  the  spontaneous  combustion  of 
coal  or  bituminous  matter. 

MINIMISING     RISKS. 

The  prevention  of  tires  under  Class  I.  is  a  matter 
of  care  and  foresight,  and  in  several  cases  where  such 
tires  have  occurred,  rules  have  been  enforced  in  order 
to  prevent  their  recurrence. 

The  prevention  of  fires  under  Class  II.  is  generally 
attempted  by  the  adoption  of  some  special  system  of 
working  or  by  alterations  in  the  ordinary  systems  to 
meet  the  particular  case.  Verj^  often  the  utmost  that 
can  be  done  is  to  minimise  as  far  as  possible  the  risk. 

REMOVAL    OF    SLACK. 

1.  By  removing  from  the  working  places  all  slacks 
or  any  material  which  may  be  liable  to  spontaneous 
combustion,  and  sending  it  out  to  the  surface.  In  many 
seams  small  coal  below  a  certain  size  is  not  sent  out,  or 
only  a  proportion  of  it  is  sent  to  the  surface  ;  the 
small  coal  which  is  not  sent  out  is  thrown  into  the 
goaf — the  open  space  from  which  the  coal  has  already 
been  extracted.  If  this  slack  when  left  in  the  mine 
causes  gob  fires,  it  is  better  to  incur  the  expense  of 
sending  it  out  of  the  mine  than  to  leave  it  to  fire. 
The  same  applies  to  bands  of  dirt  or  to  impure  coal 
which  may  cccur  in  connection  with  the  seam,  or  en 
the  sides  of  faults. 

EXCLUDING     AIR     FROM     THE     GOAF. 

2.  By  excluding  the  air  from  the  goaf  or  from  any 
place  in  which  heating  is  liable  to  take  place.  In 
longwall  working  the  "  gates  "  (that  is,  the  roads 
along  which  the  tubs  for  carrying  coal  are  taken  into 
and  out  of  the  working  places,  and  which  serve  as  roads 
along  which  the  men  and  the  ventilating  current  can 
travel  to  the  coal  face)  follow  the  advance  of  the  coal 
face.  Consequently  they  have  to  be  maintained 
through  the  goaf  or  gob  (the  space  from  which  the  coal 
has  already  been  removed  by  the  advancing  coal  face) 
by  means  of  pack  walls,  built  of  stones  laid  on  one 
another  without  mortar.  These  packs,  though  they 
become  compressed  by  the  weight  of  the  strata  overlying 
the  seam,  are  seldom  airtight  ;  hence,  if  heating  occurs 
in  the  goaf,  the  air  is  liable  to  scale  through  the  pack 


into  the  goaf,  and  oxygen  is  supplied  to  increase  the 
heating.  In  order  to  prevent  this,  the  gate  packs, 
are  sometimes  lined  with  clay  lumps  to  prevent  leakage 
of  the  air.  in  other  cases  sand,  or  linely-ground  ashes,  are 
employed  for  the  purpose  of  making  the  packs  airtight. 
If  the  air  current  in  passing  along  the  coal  face  scales 
into  the  goaf  and  produces  heating,  sand  or  clay 
lumps  are  somewhat  similarly  applied  to  prevent 
inliltration  of  air.  In  some  cases  the  waste  packs  (the 
packs  put  up  in  the  coal  face  between  two  gates)  are 
placed  chequerwise,  like  the  squares  on  a  chessboard,  to 
block  the  air  out  of  the  goaf ;  in  other  cases  the  whole 
goaf  is  stowed  as  tightly  as  possible  ;  this,  however,  is. 
rather  a  Continental  than  an  English  method,  close 
stowing  of  the  goaf  being  lar  commoner  abroad  than 
in  England  ;  the  material  used  for  stowing  must,  of 
course,  be  non-inflammable. 

SPECIAL -SYSTEM    OF    WORKING. 

3.  By  adopting  a  special  system  of  working.  The 
method  of  working  adopted  in  South  Staffordshire  for 
the  thick  coal  may  be  instanced.  The  coal  is  won  by 
driving  a  pair  of  roads  to  the  boundary  in  the  solid  coal, 
and  opening  chambers  or  sides  of  work  out  of  these 
roads.  Only  one  side  of  work  is  opened  at  a  time,  and 
as  it  has  only  two  entrances,  these  can  be  stopped  off 
directly  the  coal  shows  signs  of  firing  ;  when  stopped 
off  it  does  not  interfere  with  the  working  of  the  rest  of 
the  coal  as  it  lies  on  the  inbye  side  (i.e.,  is  further 
away  from  the  shaft)  of  the  next  side  of  work  opened  out, 
and  is  separated  from  it  and  others  which  may  be 
opened  near  it  by  ribs  of  solid  coal.  A  full  description 
of  this  method  of  working  will  be  found  in  the  works 
mentioned   in    the   footnote.* 

In  working  a  coal  seam  liable  to  fires  on  the  pillar-and- 
stall  system,  the  area  of  coal  is  divided  into  small  panels 
or  di.gtricts  separated  from  one  another  by  ribs  of  solid 
coal.  The  coal  in  such  districts  can  be  worked  out 
more  quickly  if  the  districts  are  small  ;  the  number  of 
openings  into  the  districts  being  few,  they  can  be  stopped 
off  more  quickly,  and  the  diminution  of  "  pit  room  " 
(i.e.,  coal  laid  out  ready  for  working)  is  less  seriously 
felt  than  if  the  districts  are  lar>;r. 

WORKING     HOME. 

4.  By  working  home.-  In  the  majoritj-  of  cases  coai 
is  worked  outwards  away  from  the  pillar  left  to  protect 
the  shafts,  consequently  in  a  colliery  which  has  been 
working  for  some  years  a  large  area  of  goaf  intervenes 
between  the  shafts  and  the  working  faces  ;  if  fires  are 
lialile  to  occur  in  any  part  of  such  a  goaf,  the  danger 
and  inconvenience  can  easily  be  imagined.  In  workinp. 
home  the  operation  is  reversed,  the  roads  are  driven  in 
the  solid  coal  to  the  boundary,  and  the  coal  face  retreats 
daily  towards  the  shafts,  consequently  the  goaf  and  its 
dangers  are  left  behind.  This  system  has  the  disadvan- 
tage of  determining  from  the  commencement  the  area 

*  "Text-book  of  CoalmininjZ."  H.  \V.  Huj^'hes. 
"Transactions"  Inst.  Rlininji  En.us.,  iii.,pagc  25.  Clark 
and  Hujjhes,  xvi.,  pajie  4)^7.  Haldanc  and  Mcachcni. 
"Proceedings"  Hrilish  Society  of  Minin.u  Students. 
Hujihcs,  ix.,  page  4. 
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of  coal  which  can  Ijc  worked  from  the  shafts,  and  also  of 
heavy  initial  expense  in  opening  out,  when  the  output 
of  coal  coming  out  can  only  be  comparatively  small. 

RAPID     WORKING,     &C. 

5.  By  rapid  working.  If  the  coal  face  advances 
slowl)-,  the  air-current  which  ventilates  it  has  time  to 
make  its  way  into  the  adjacent  goaf  and  cause  heating  ; 
the  quicker  the  face  advances  the  less  likelihood  is 
there  of  this  action  taking  place. 

6.  By  passing  a  strong  current  of  ccol  air  through 
the  place  which  is  heating  in  order  to  cool  it  and  carry 
off  the  heat  as  fast  as  it  is  generated.  If  this  is  not 
possible,  then  the  access  of  air  to  the  place  should  be 
cut  off  altogether  so  as  to  deprive  it  of  oxygen. 

The  author  then  describes  the  various  means 
of  extinction  by  filling  out  the  fire,  stopping  it 
off,  drowning  it  out,  or  using  carbonic  acid  gas. 

PRECAUTIONS     AGAINST     NOXIOUS    GASES. 

What  reactions  take  place  actually  in  the  course  of 
an  vmderground  fire  does  not  appear  to  have  been 
accurately  ascertained,  and  the  nature  of  the  gases 
given  off  must  therefore  be  a  matter  of  conjecture. 
It  would  appear,  however,  that  a  fire  in  any  mine  must 
generate  carbonic  acid  gas  and  carbon  monoxide, 
while  a  fire  in  a  colliery  will  generate  in  addition 
carburetted  hydrogen  and  sulphuretted  hydrogen. 

It  is  the  presence  of  these  gases  which  offers  so  great 
a  difficulty  in  dealing  with  underground  fires  and  in 
recovering  a  mine  after  an  explosion.  The  work  of 
re-opening  a  mine  or  district  that  has  been  sealed  oft  to 
"extinguish  a  fire  is  attended  with  similar  risks. 

In  order  to  enable  necessary  work  to  be  carried  on  in 
these  irrespirable  gases,  attempts  have  been  made  to 
enable  persons  to  enter  mines  in  which  such  gases  were 
present,  by  arrangements  similar  to  those  used  by 
divers.  Of  late  years  a  contrivance  known  as  the 
pneumatophor  has  been  introduced  into  this  country 
from  Germany.  This  may  be  described  as  a  bag  or 
knapsack,  which  can  be  worn  on  the  chest  or  back 
fitted  with  a  small  cylinder  of  oxygen,  a  glass  ffask 
fitted  with  a  solution  of  caustic  soda,  and  a  coarse  net 
or  sponge  to  suck  up  the  caustic  soda  solution  when  it 
is  set  free.  The  bag  is  connected  by  means  of  a  pipe 
■with  the  wearer's  mouth,  and  his  nose  is  closed  by 
means  of  a  clip.  In  this  waj'  the  man  wearing  the 
pneumatophor  is  independent  of  the  external  atmo- 
sphere, and  breathes  only  the  atmosphere  contained  in 
the  bag.  The  deficiency  of  oxygen  caused  by  his 
breathing  is  made  up  from  the  oxygen  cylinder,  while 
the  carbonic  acid  gas  given  off  by  the  breath  is  absorbed 
by  the  caustic  soda.  Such  appliances  are  used  already 
-in  Austria  and  Germany,  and  in  England  Mr.  \V.  E. 
Garforth  has  fitted  up  at  Altcfts  Colliery  an  experi- 
mental gallery  for  training  men  to  their  use.  On  the 
■Continent  regular  rescue  stations  have  been  organised, 
and  recently  in  South  Yorkshire  three  collieries  have 
united  to  form  a  joint  rescue  station.  Such  a  rescue 
station  is  equipped  with  a  number  of  these  pneuma- 


tophors  and  accessories,  and  with  oxygen  and  every- 
thing needful  fcr  the  recovery  of  persons  who  have 
been  overcome  by  noxious  gases  ;  in  connection  with 
it  there  is  a  trained  corps  of  officials  and  workmen 
who  can  use  the  pneumatophor  and  work  with  it, 
and  arrangements  are  also  made  for  furnishing  tirst  aid 
to  persons  found  injured  in  the  mine.  At  the  mining 
school  at  Bochum,  in  Westphalia,  a  number  of  the 
students  are  trained  each  year  in  the  use  of  the  pneu- 
matophor. Useful  as  the  apparatus  may  be  made 
by  a  person  used  to  wearing  it,  and  working  with 
it,  evidently  its  use  bj^  an  unskilled  person  might 
only  lead  to  danger  to  the  wearer. 


CANADIAN    RAILWAYS. 

npHE  proposed  important  developments  in 
-^  Canadian  railway  construction  make  it 
interesting  to  review  the  remarks  on  railway 
progress  in  Canada,  which  were  made  by  Dr. 
Martin  Murphy  in  the  course  of  his  presidential 
address  to  the  members  of  the  Canadian  Society 
of  Civil  Engineers.  The  following  is  an  abstract 
from  this  section  of  the  address  : — 

If  we  look  at  our  railway  record,  we  find  that  much 
has  been  done  within  the  past  few  years  in  the  further- 
ance of  railway  construction.  If,  as  it  is  said,  one 
of  the  best  tests  of  the  commercial  importance  of  a 
country,  as  well  as  the  intelligence  and  progressive 
character  of  its  people,  both  absolutely  and  relatively, 
is  that  of  the  extent  of  its  railway  traffic,  we  are 
climbing  in  the  scale  of  the  progress  of  the  tihie. 

A    REMARKABLE    FEATURE     OF    CANADIAN    RAILWAY 
FINANCE. 

One  remarkable  feature  of  the  railway  iinances 
of  the  more  important  colonies  is  the  ready  acquiescence 
of  the  inhabitants  to  tax  themselves  for  transportation 
facilities.  Thus,  we  find  that,  while  the  total  expen- 
diture incurred  on  Canadian  railways  up  to  the  end 
of  the  financial  year  ending  June  30th,  1901,  was 
§1,042,785,539.00,  the  several  Governments  and 
municipalities  had  contributed  §228,539,890,  of  which 
$13,675,383  is  still  to  be  paid,  or  about  22  per  cent, 
of  the  total.  Of  this  proportion,  the  Dominion  Govern- 
ment furnished  .§124,501,269,  of  which  §8,342,538  is 
still  to  be  paid  ;  the  Provincial  Government  over 
$35,453,724,  of  which  §3,058,201  is  still  to  be  paid, 
while  the  municipalities,  as  such,  contributed  over 
§18,584,898,  of  which  §2,274,644  is  still  to  be  paid, 
in  all. 

The  three  lines  of  railway,  viz.,  the  Canadian  Pacific, 
the  Grand  Trunk,  and  the  Intercolonial,  with  their 
tributaries,  contain  64  per  cent,  of  the  whole  railway 
system  of  Canada. 

The  Canadian  Pacific  stretches  across  the  entire 
continent,  from  Montreal  to  Vancouver,  on  the  coast 
oi  British  Columbia,  a  distance  of  2,906  miles.  Starting 
from   the   sea  ports  of  Quebec   and   St.     John,     N.B. , 
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the  lines  run  to  Montreal  (the  headquarters  of  the 
Company),  where  the  trans-continental  line  proper 
begins,  passing  through  Ottawa,  Calgary,  and  Stephen — 
the  last  named  on  the  summit  of  the  Rocky  Mountains 
— and  then  through  the  Selkirk  range  to  Vancouver,  on 
the  Pacific  coast.  The  share  capital  amounts  to 
$I59.503'000-  The  total  length  of  the  Canadian 
Pacific  Railway  system  is  7,563  miles,  300  of  which 
are  cut  through  solid  rock.  The  road  was  opened 
for  general  traffic  on  June  28th,  1886,  since  which 
time  there  has  been  a  daily  mail  service  between  the 
Atlantic  and  Pacific  coasts.  The  distance  from  China 
Japan,  and  the  Pacific  coast  generally,  is  from  1,000 
to  1,200  miles  less  by  the  Canadian  Pacific  Railway 
than  by  other  routes. 

The  Imperial  and  Dominion  Governments  having 
granted  the  Canadian  Pacific  Railway  annual  sub- 
sidies of  $218,970  and  873,000  respectively,  a  mail 
service  has  been  established  between  England  and 
China  over  this  line,  the  distance  being  shortened 
by  several  days,  and  the  overland  journey  being 
entirely  through  British  territory.  Steamers  have 
been  built  in  England  specially  for  this  service,  and 
mails  have  been  landed  in  London  within  twenty-one 
davs  from  leaving  Yokohama. 

The  Grand  Trunk  was  originally  formed  in  1853 
by  an  Act  of  Legislature,  and  in  1893  the  following 
lines  were  consolidated,  viz.  :  Grand  Trunk,  Great 
Western,  Midland  Georgian  Bay,  London,  Huron  and 
Bruce,  Wellington,  Hamilton,  Northern  and  North 
Western,  North  Simcoe,  Montreal  and  Champlain, 
Beauharnois,  Jacques  Cartier,  Waterloo  Junction,  and 
Cobourg,  Blairton  and  Marmora,  thus  forming  a 
continuous  line  through  the  provinces  of  Quebec 
and  Ontario.  The  total  paid-up  loan  and  share 
capital  of  the  company  in  June,  1901,  amounted  to 
over  §376,978,318.  The  mileage  of  the  lines  owned 
and  leased  is  3,508  miles,  in  addition  to  which  the 
companv  controls  674  miles  in  the  States  of  Michigan, 
Indiana,  and  Illinois,  making  the  mileage  of  the  entire 
system  4,182  miles.  The  eastern  extremities  of  the 
line  are  Quebec  and  Portland,  Maine,  and  it  extends 
westward  to  Detroit,  Chicago,  Grand  Haven,  and 
Muskegon,  supplying  the  means  of  communication 
with  Montreal,  Toronto,  Hamilton,  Niagara,  Buffalo, 


Detroit,  and  all  the  principal  cities  and  towns  in  the 
provinces  of  Quebec  and  Ontario. 

THE    INTERCOLONIAL. 

The  Intercolonial  Railway  of  Canada  and  the  Prince 
Edward  Island  Railway  owned  and  operated  by  the 
Dominion  Government  of  Canada,  are  the  great 
thoroughfares  for  travel  through  the  provinces  of 
Quebec,  New  Brunswick,  Nova  Scotia,  and  Prince 
Edward  Island.  The  mileage  of  the  Intercolonial 
is  1,315  miles  and  of  the  Prince  Edward  Island  Railway 
209  miles.  The  building  of  an  inter-provincial  railway 
was  one  of  the  stipulations  embodied  in  the  British 
North  America  Act,  1867  ;  and  in  November,  1872, 
the  already  partly  constructed  Intercolonial  Railway, 
together  with  the  Nova  Scotia  Railway  and  the 
European  and  North  American  Railway,  were  con- 
solidated under  the  name  of  the  "  Intercolonial  Railway 
of  Canada."  The  railway  was  extended  to  Montreal 
on  March  ist,  1898.  It  is  the  only  railway  connecting 
Nova  Scotia  and  the  greater  part  of  New  Brunswick 
with  the  rest  of  the  Dominion  of  Canada,  and  con- 
necting Montreal,  Levis,  Riviere  du  Loup,  Campbellton, 
Moncton,  St.  John,  Halifax,  Sydney,  and  North 
Sydney.  At  North  Sydney,  connection  is  made  with 
the  Reid  Newfoundland  Company's  steamship  line 
for  all  points  in  Newfoundland.  Between  Prince 
Edward  Island  and  the  mainland  there  is  connection 
throughout  the  year  by  steamship  service. 

CHARACTERISTICS  OF    CANADIAN    RAILWAYS. 

Larger  engines,  larger  cars,  greater  space,  fast  time. 
more  convenience,  and  better  and  more  accommodation 
are  the  characteristics  of  the  time.  Railway  com- 
panies vie  with  each  other  in  promoting  traffic  by 
keeping  up  with  the  requirements  of  the  time,  and 
in  this  respect  we  have  little  to  complain  of.  You 
cannot  find  in  Europe  better  equipped  passenger  and 
freight  trains  than  those  seen  daily  leaving  Montreal 
stations.  One  of  the  through  trains  leaving  Montreal 
to-day,  moving  quietly  out  with  every  carriage  and 
van  in  a  trim  and  uniform  outline,  in  width  and  length, 
would  compare  favourably  with  any  train  leaving 
any  European  station,  whilst  our  passenger  accommo- 
dation will  be  found  no  less  favourable. 


BUSINESS  AND  PROFESSIONAL. 

Recent  contracts  secured  by  Messrs.  Mellowes  and 
Co.,  Ltd.,  of  Sheffield,  and  28,  Victoria  Street,  West- 
minster, provide  for  glazing  on  the  "  Eclipse  "  Patent 
Imperishable  system  the  roofs  of  the  Ipswich  Electric 
Station  and  Car  Sheds;  Yoker  Generating  Station; 
the  Gas  Works,  Tynemouth;  Motherwell  Generating 
Station  ;  Bath  Generating  Station,  etc 

The  Bntis'i  Ste.im  Specialities,  Ltd.,  announce  that 
they  have  taken  over  the  London  premises  (73,  Farrint-- 
don  road,  E.C.)  of  the  Exhibit  and  Tradinjj  Company 
of  Liverpool,  and  have  been  appointed  selling  agents 
for  their  plumbing  and  other  goods. 


COMING    EVENTS-— September. 

1st.— Iron  and  Steel  Institute.  .Autumn  .Mccliiu'  com- 
mences at  Barrow-in-Furness. 

2nd.— Institute  of  Minin.^  Engineers.  Gcner.il  Mcctiui.^ 
at  Nottingliam.— Midland  Counties  Institution  of 
Engineers.  Meetin.q  at  Nottin.uliam.— Iron  and  Steel 
Institute.    Autumn  Mcctin.i;  (continued). 

3rd.— Institute  of  Mining:  Engineers.  General  Mccliiii; 
at  Nottingham  (continued).— Iron  and  Steel  Institute. 
Autumn  Meeting  (continued). 

4th.— Institute  of  Mininjj  Engineers.  Cicneral  Mectin;' 
at*  Nottini-'ham  (last  day).  — Iron  and  Sieel  Institute 
i^utumn  Meeting  (last  day). 


SOME  RECENT  PUBLICATIONS. 


'EMERY  GRINDING  MACHINERY." 
A  Text-book  of  \A'orkshop  Practice  in  General 
Tool  Grindings,  and  the  Design,  Construc- 
tion and  Application  of  the  Machines 
Employed.  By  R.  B.  Hodgson,  A.M.Inst. 
]\Iech.E.  143  illustrations.  Charles  Griffin 
and  Co.,  Ltd.     5s.  net. 

ALTHOUGH  not  laying  claim  to  exhaus- 
tiveness  the  author  has  succeeded  in 
producing  a  useful  handbook  of  workshop 
practice  which  should  prove  of  service  to  those 
for  whom  it  is  intended,  viz.,  manufacturers 
engaged  in  mechanical  and  metal-working 
industries,  tool  makers  and  machinists,  and 
students  and  workshop  apprentices  generally. 
The  following  is  a  synopsis  of  contents  :— Tool 
Grinding,  Emery  Wheels,  Mounting  Emery 
Wheels,  Emery  Rings  and  Cylinders,  Con- 
ditions to  Ensure  Efficient  Working,  Leading 
Types  of  Machines,  Concave  and  Convex  Grind- 
ing, Cup  and  Cone  Machines,  Multiple  Grinding, 
"  Guest  "  L^niversal  and  Cutter  Grinding 
Machines.  Ward  Universal  Cutter  Grinder,  Press, 
Tool  Grinding,  Lathe  Centre  Grinder,  Polishing. 


"EXPERIMENTS  WITH  VACUUM  TUBES." 
By  Sir  David  L.  Salomons,  Bart.,  M.A.     With 

portrait    and    54    illustrations.      Whittaker 

and  Co.  2S. 
'\  VACUUM  tubes  were  formerly  among  the 
^  "  Babies  "  of  Science,  but  the  researches 
■of  Sir  W'illiam  Crookes  and  the  evolution  of 
X-ray  photography  have  rendered  the  subject 
-one  of  practical  importance,  and  an  independent 
inquiry  into  the  phenomena  connected  with 
vacuum  tubes,  like  that  of  Sir  David  L.Salomons, 
Bart.,  cannot  fail  to  be  of  value  in  the  progress 
of  discovery,  though  the  author  has  made  no 
attempt  to  propound  a  theory.  The  experi- 
ments represent  the  labour  of  many  years,  and 
should  be  of  the  greatest  interest  to  all  those 
who  are  making  investigations  in  the  same  field. 
As  the  author  indicates  in  his  preface,  the  work 
is  not  one  that  will  appeal  to  a  large  public.  The 
minority,  however,  will  heartily  welcome  the  ex- 
periments and  also  the  results  that  are  promised 
by  Sir  David  L.  Salomons  at  a  future  elate. 


"SOLUTIONS   OF   THE    EXAMPLES    IN    THE 
ELEMENTS    OF   HYDROSTATICS." 

By  S.  L.  Loney,  M.A.     Cambridge    University 

Press.  5s. 
'  I  "*HESE  solutions  form  a  companion  volume 
-■-  to  the  solutions  of  the  questions  in  the 
author's  "  Elements  of  Statics  and  Dynamics," 
and,  as  such,  will,  no  doubt,  be  found  useful  by 
a  large  number  of  students. 


"CASSELL'S  CYCLOPAEDIA  OF  MECHANICS." 

Edited  by  Paul  N.  Hasluck.  (Third  Series. 
With  1,270  illustrations  and  an  Index  of 
9,000  items.  Cassell  and  Co.,  Ltd.  7s.  6d. 
|NE  of  the  most  pleasing  features  of  this 
volume  is  its  complete  index,  affording 
ready  access  to  a  wide  storehouse  of  informa- 
tion. Another  strong  point  is  made  of  the 
illustrations  in  line,  which  appear  throughout. 
The  subject  matter  deals  effectively  in  paragraph 
form  with  many  subjects  interestingboth  to  the 
mechanic  and  the  general  reader,  and  the  work 
is  a  valuable  addition  to  the  bookshelf,  either 
tor  occasional  reference  or  random  reading. 

"SYREN  CARTOONS." 

One  Shilling. 

THIS  selection  of  cartoons,  reprinted  from 
The  Syren  and  Shipping,  is  published 
at  a  time  when  an  increasing  interest  is  being 
taken  by  the  public  in  shipping  affairs,  and 
contains  much  that  is  bright  and  amusing. 
Pressure  on  our  space  prevents  a  detailed 
description  fof  the  clever  drawings  included. 
They  are  the  work  of  Ernest  Stuart,  W.  A. 
Donnelly,  R.  Oscar  Longmire,  and  Oswald 
Rimmer,  and  must  be  seen  to  be  appreciated. 


"INDEX  OF  THE  TECHNICAL  PRESS." 

In  English,  French  and  German.  Monthly.  4s. 
per  annum.  Association  de  la  Presse 
Technique,  Brussels. 

A  VALUABLE  undertaking  which  deserves 
far-reaching  support.  The  various  articles 
of  interest  to  technical  men  are  carefull}'  classi- 
fied under  the  decimal  system,  so  that  a  cumu- 
lative index  of  ever-increasing  value  may  be 
made  by  cutting  out  the  entries,  which  are 
printed  on  one  side  of  the  paper  only,  and 
mounting  them  on  cards.  The  technical  press 
is  thus  provided  with  an  important  accessory, 
and  we  heartily  wish  the  promoters  success  to 
their  enterprise. 

"THE  DYNAMO:  HOW  MADE  AND  HOW  USED." 

By  S.  R.  Bottone.  Twelfth  edition.  Revised 
and  enlarged,  with  numerous  illustrations 
and  instructions  for  making  alternators. 
170  pp.  8vo.  S.  Swan,  Sonnenschein  and 
Co.,  Ltd.     2s.  6d. 

IN  this  little  book  the  ABC  of  the  dynamo 
is  clearly  explained,  and  to  the  present 
edition  several  sections  treating  on  alternating 
dynamos  have  been  added.  The  author  has 
also  re-arranged  under  more  convenient  heads 
the  matter  referring  to  the  construction  of 
large  dynamos,  and  has  devoted  a  special  chapter 
to  failures  and  their  causes. 
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Some    Recent    Publications. 
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"CAPE  COLONY  FOR   THE   SETTLER." 

An  account  of  its  urban  and  rural  industries, 
their  probable  future  development  and 
extension.  By  A.  R.  E.  Burton,  F.R.G.S. 
Issued  by  order  of  the  Government  of  the 
Cape  Colony.  London  :  P.  S.  King  and 
Son.  South  Africa  :  J.  C.  Juta  and  Co. 
2s.  6d.  net. 

THERE  should  be  a  wide  demand  for  this 
volume,  for  it  places  at  the  disposal  of 
intending  settlers  in  cheap  form  a  large  amount 
of  classified  information,  together  with  maps, 
tables  and  rainfall,  etc.  It  is  chiefly  of  interest 
from  an  agricultural  point  of  view. 


"A  TEXT-BOOK  ON  MARINE  MOTORS." 

Being  a  description  of  most  of  the  leading  types 
of  various  marine  motors  as  now  manu- 
factured. By  Capt.  E.  Du  Boulay  (late 
Royal  Artillery).  With  90  illustrations. 
Oiiices  of  "  The  Yachtsman,"  143,  Strand, 
W.C.     I2S.  6d. 

THE  author,  in  a  hundred  and  fifty 
attractive  pages,  draws  attention  to 
forms  of  propulsion  which  he  asserts  will  very 
shortly  "  bring  about  a  mild  revolution  in 
yachting."  Information  of  a  readily-assimilated 
kind  giving  the  salient  points  of  the  different 
systems  is  here  supplied,  the  author  first 
devoting  several  pages  to  the  different  oils 
employed.  The  principles  underlying  the 
working  of  heavy  oil  engines,  light  oil  engines, 
steam  engines  with  oil  fuel  and  electric  engines, 
are  described,  with  many  illustrations  of 
typical  motors.  The  work  includes  many  prac- 
tical hints,  and  should  be  of  great  assistance 
to  the  tyro  who  is  unable  to  decide  for  himself 
as  to  the  most  suitable  type  of  motor. 


"SPECIFICATION  FOR  A   LANCASHIRE   BOILER 
AND  BOILER  SEATING." 

By  Inspector,  M.I.M.E.,  Manchester.     Technical 
Publishing  Co.,  Ltd.,  Manchester.     5s.  net. 

A  TWENTY-FOUR  page  booklet  with 
diagrams,  giving  a  complete  specifica- 
tion for  a  Lancashire  boiler,  together  with  a 
few  preliminary  observations  on  the  main 
features  to  be  kept  in  view.  The  author  remarks 
that  to  many  people  the  seating  of  a  Lancashire 
or  Cornish  boiler  is  one  of  the  many  little  jobs 
that  may  be  left  to  any  local  builder  or  mason, 
but  this  is  a  mistake.  The  seating  is  dealt  with 
in  a  separate  contract. 


"PRACTICAL   EXERCISES   IN   LIGHT." 

By  Reginald  S.  Clay,  B.A.,   D.Sc.     Macmillan 
and  Co.,  Ltd.    2s.  6d. 

DR.  CLAY,  who  is  the  principal  of  the 
Northern  Polytechnic  Institute,  has 
incorporated  in  this  volume  a  great  number  of 
laboratory  notes  prepared  for  his  own  students. 
Interesting  experiments,  with  simple  apparatus, 
are  outlined,  and  the  text-book  more  than  covers 
the  requirements  of  candidates  for  the  Advanced 
Stage  Examination  in  Light  of  the  Board  of 
Education,  South  Kensington. 


BOOKS    RECEIVED. 

The  Hardening  and  Temperi)i^  of  Steel.  By  Fridolin 
Reiser.     Scott,  Greenwood  and  Co.     5s.  net. 

The  Proportions  and  Movement  of  Slide  Valves^  By 
William  Dyson  Wansbrough.  Technical  Publishing 
Company.     4s.  6d.  net. 

The  Resistance  and  Power  of  Steamships.  By  W.  H. 
Atherton,  M.Sc,  and  A.  L.  Mellanby,  M.Sc.  Illus- 
trated.    Technical  Publishing  Company.      5s.  net.- 

Electric  and  Magnetic  Circuits.  By  Ellis  H.  Crapper, 
M.I.E.E.    Illustrated.  Edward  Arnold.    los.  6d.  net. 

Institution  of  Electrical  Engineers.  Form  of  Model. 
General  Conditions  Recommended  for  Use  in  Con- 
nection with  Contracts  for  Plant,  Mains,  and  Appara- 
tus for  Electricity  Works.      E.  and  F.  N.  Spon,     is. 

Elementary  Treatise  on  Electricity  and  Magnetism. 
By  G.  Carey  Foster,  F.R.S.,  and  Alfred  W.  Porter. 
B.Sc.  Second  Edition.  Longmans  and  Co.  los.  6d. 
net. 

The  Mechanical  Engineers'  Pocket  Book  of  Tables, 
Formulde,  Rules,  and  Data.  By  D.  Kinnear  Clark. 
Revised  and  enlarged  by  H.  H.  P.  Powles,  M.I.M.E., 
A. M.Inst. C.E.     Crosby,  Lockwood  and  So:ii     6s.net, 

Graphical  Statics  Problems^  With  diagrams.-  By  W. 
M.  Baker,  M.A.     Edward  Arnold.     2s.  6d. 

Lathes,  Screw  Machines,  Boring  and  Turning  Millsi  A 
Practical  Treatise  on  the  Design  and  Construction  of 
Turning  Machines,  including  Lathes,  Automatic 
Screw  Machines,  Boring  and  Turning  Mills,  and 
their  Accessories.  By  Thomas  R.  Shaw.  With  425 
illustrations.  Scientific  Publishing  Company,  Man- 
chester.    15s.  net. 

Electrical  Engineering  Measuring  Instruments.  By  Gj 
D.  Aspinall  Parr.  With  370  illustrations.  Blackie 
and  Son.     9s.  net. 

Electrical  Influence  Machines.  Their  Historical  Deve- 
lopment anil  Modern  Forms,  with  Instructions  for 
Making  Them.  By  John  Gray,  B.Sc.  Second 
Edition.  With  105  illustrations.  Whittaker  anil 
Co.     5s. 

Electrical  Engineering-  An  Elementary  Text  Book, 
suitable  for  Persons  employed  in  the  Mechanical 
and  Electrical  Engineering  Trades,  etc.  By  E. 
Rosenberg.      Illustrated.     Harper  Bros.     6s. 

Electricity  as  Applied  to  Mining.  By  .\rnold  Lupton, 
G.  D.  Aspinall' Parr,  and  Herbert  Perkin.  170  illus- 
trations.    Crosby,  Lockwood  and  Son.     os.  net. 

Heating  and  Ventilation  of  Hous-^s.  By  C.  F.  Townscnd. 
Illustrated.  (Rural  Handbooks.)  Dawbarn  and 
Ward.     6d.  net. 


NEW  CATALOGUES  &  TRADE  PUBLICATIONS. 


The  British  Thomson-Houston  Company,  Ltd.,  Rugby. 

— Pamphlet  No.  145,  illustrating  and  describing 
a  combined  switch  and  cut-out,  which  has  been 
specially  designed  for  car-lighting  circuits.  It  consists 
of  a  single  pole-snap  switch,  with  an  extra  long 
bracket  connected  in  series  with  an  enclosed  fuse. 
All  contacts  and  connections  are  mounted  on  a 
porcelain  base,  and  the  terminals  are  suitable  for 
either  back  or  front  wiring.  A  porcelain  cover  held 
in  place  by  metal  clips  encloses  all  the  live  parts 
of  the  mechanism,  which  it  is  claimed  makes  the 
device  fireproof. 

The     Horsfall     Destructor     Company,    Ltd.,     Leeds. — 

We  have  received  from  this  tirm  a  neat  illustrated 
booklet,  being  a  descriptive  report  and  souvenir 
of  the  new  Refuse  Destructor  Works  at  Doughty 
Road,  Grimsby,  which  were  erected  by  the  Horsfall 
Company,  and  opened  on  June  6th,  1903.  We 
understand  this  destructor  is  capable  of  burning 
forty  tons  of  refuse  per  day,  and  the  total  cost 
is  not  likely  to  exceed  ;^  10,000.  An  interesting 
description  of  the  scheme  is  given,  and  some  excellent 
half-tone  portraits  of  the  Mayor  and  principal 
members  of  the  Destructor  Committee,  as  well  as 
several  views  of  the  works,  also  appear. 

The    St.    Helen's    Cable  Company,    Ltd.,    "Warrington. 

— A  well-designed  illustrated  price  list  of  86  pages 
and  cover,  describing  their  principal  manufactures, 
including  electrical  cables,  rubber  goods,  etc.  The 
chief  specialities  mentioned  are  vulcanised  rubber 
cables,  india-rubber  buffers  for  railway  wagons 
and  carriages,  valves,  sheets,  washers,  insertions 
(both  cloth  and  wire  gauze),  roller  covering,  india- 
rubber  gloves,  indiarubber  and  other  belting  ; 
"  Dialite  "  mats  and  stair  threads,  cab  tyres,  and 
carriage  brake  blocks  ;  the  patent  "  N  "  tape  for 
jointing  purposes,  horse-shoe  pads,  hose,  vacuum 
pipes,  tubing,  etc.,  engine  packing,  and  all  classes 
of  asbestos  and  gutta-percha  goods,  etc. 

"William  Asquith,  Ltd.,  Halifax. — List  No.  81.  An 
eight-page  illustrated  pamphlet,  printed  in  two 
coiouiT-.  entitled  "  A  Combined  Horizontal  Drilling, 
Boring,  and  Milling  Machine  for  boring  cylinders, 
liners,  brasses,  etc.,  to  face  pipe  flanges,  valve 
seatings,  or  to  miil  forgint^s,  castings,  keyways  in 
shafts,  etc."  It  is  claimed  that  this  machine  saves 
a  good  deal  of  hand  labour,  being  capable  of  boring 
"  truly  cylindrical  parallel  holes  in  one  piece  of 
work  in  different  horizontal  planes  without  re- 
setting, and  parallel  with  each  other,  thus  combining 
the  advantages  of  several  special  machines  though 
occupying  the  floor  space  of  one  machine  only."  A 
useful  table  of  dimensions  is  given  which,  it  is 
explained,  can  be  varied  to  suit  special  requirements. 

The  "Washington  Chemical  Company,  Ltd.,  of  "Wash- 
ington, Co.  Durham.  ^  A  descriptive  illustrated 
pamphlet  of  thirty-two  pages,  with  inset  price  list, 
treating  on  Magnesia  covering,  which  is  this  firm's 


principal  speciality.     We  are  told  that  85  per  cent, 
of  this  substance  is  composed  of  magnesia  carbonite, 
which    is    the    magnesia    alba    of    the    pharmacists. 
It  is  a  smooth,  white,  close-grained  solid,  possessing 
the    "  lightness  of  cork,    the  porosity  of  a  sponge, 
and  hardness  and  strength  in  an  exceptional  degree." 
It  is  also  claimed  to  be  most  valuable  as  a  non-heat 
conductor.     Detailed  instructions  for  applying  this 
covering  to  all  kinds  of  piping,  together  wdth  sectional 
drawings,    are   given,    and   a   prominent    feature   of 
the  booklet  is  the  very  fine  whole-page  illustrations 
of  steam  yachts,  boiler  houses,  electric  power  stations, 
etc.,  where  this  speciality  has  been  largely  used. 
Messrs.   Alley    and    MacLellan's    new   catalogue,   No. 
J.  22,  of  Steam  Valves  and  Fittings,  reaches  a  high- 
water   mark  in  catalogue  compilation,  whether  con- 
sidered   as    a    complete    guide    to    the    necessarily 
complicated     detail    of    the    subject,    a    model    of 
intelligent  arrangement,  or  a  specimen  of  first-rate 
printing.      It  begins  with  an   index  of  contents,  and 
ends  with  an   informing  article  by  Mr.  W.  J.  Poole, 
on  "  Steam  Pipe  Design."     The  intermediate  pages, 
about   150    in  number,  are   packed   with   details   of 
the  firm's  specialities,  half-tone   illustrations  of  the 
various   valves   and   fittings   being   accompanied   in 
many   cases    by  sectional     drawings.       The     work, 
which  includes  many  useful  hints  on    the  practical 
arrangement    and    working    of    steam     pipes    and 
valves,   cannot    fail    to    be    of    great  value   to  all 
steam  engineers,  giving  as  it  does  full  details  as  to 
prices,   dimensions,   and  weights.:      Incidentally  we 
are    reminded   that    the  firm's   Sentinel  Works   at 
Glasgow  turn    out   valves   and    fittings   for   marine 
purposes,      air      compressors,       high-speed      steam 
.  engines,  condensing    plants,  stearing  gear,  hoisting 
machinery    marine     engines     and     light     draught 
steamers.       Three    illustrations   of    the    latter   are 
representative   of    260   lighf.   draught   vessels  built 
by  Messrs.    Alley   and    MacLellan  during   the  past 
twelve  years. 
**A    New    Business    Force"    is    the   title  given  to  a 
cleverly  designed  pamphlet  issued   by  the  Addresso- 
graph,  Ltd.,  91  and  92,  Shoe  Lane,  E.C.    The  illustra 
tions  show   at   a   glance    that  the  Addressograph  is 
now  used  effectively  in  combination  with  the  card 
system.     A  number  of  uses  to  which  the  machine  can 
be  applied  are    carefully    described,   but   these,    we 
imagine,    form     a     very    small    proportion    of   its 
successful  operations.     Stress  is  laid  upon   the  re- 
liability of  the  Addressograph,  its  great  use  in  pre- 
paring and  despatching  statements,   its  services  on 
behalf  of  travellers,  and  the  saving  of  time  it  effects 
in  the  shipping  room,  etc.     There  is  certainly  much 
to    be    said    for    a    machine    which    will    turn  out 
addresses  at   the  rate  of  2,000  an  hour  with  perfect 
accuracy    and  legibility,  and   those    who  are  called 
upon    to  deal  with    badly   addressed    envelopes,   or 
have   much    to    do   with    circularising,    have    every 
reason  to  welcome  the  Addressograph, 
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PRICE 
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SEND     FOR     PRICE    LIST    TO 


The   Brush   Electrical 
^Engineering   Co   Ld 


Victoria  WorRs 
Belvedere   Road 

LONDON   S  E 

(South  End  of  Charing  Cross  Footbridge* 


HADFIELD'S  ooSffl^  LAY-OUTS 


OF    EVERY    SIZE    AND     DESCRIPTION     . 


HADFIELD'S  PATENT  MANGANESE  STEEL 

IS    THE    BEST    MATERIAL    FOR 

TRAMWAY  TRACK  WORK. 

TRAMWAY  POINTS  &  CROSSINGS 

TRAMWAY  WHEELS  &  AXLES 

TIE-BARS,  Etc.,  Etc. 

HADFIELD'SsT.B.™u»sootTa.8fjEFFlELD. 
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Engines 


John  Fowler  &  Co. 


(L££DS)  LIMITED. 


Electrical    and    General 
Engineers. 


Steam   Plough  WorKs  : 

LEEDS. 


Fowler's  Road  Locomotive.  Designed  for  all  Rinds  of  Steam 
Haulage,  and  is  also  available  for  temporary  belt  driving. 
Three  sires  of  this  Engine  are  standardized,  and  employed 
approximately  for  20,  30,  and  40  ton  loads.  A  special  heavy 
Engine  is  also  made  equal  to  a  load  of  50  tons,  and  called 
the  "  Lion  "  type.  The  Engine  was  thus  named  by  the 
War  Office  Authorities,  who  employed  a  number  of  them 
in   the  South  African  Campaign. 
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Engfines 


GALLOWAYS  L^^ 

MANCHESTER. 


.vJ..jh,^ 


o 
o 

8 

O 

8 

O 
O 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

(I 

o 
o 
o 
o 

o 

o 
o 
o 

o 
o 
o 

8  High=Speed  Engines. 

^y  Compound    and    Triple    Expansion. 

0  SLOW=SPEED    CORLISS    ENGINES    for    Mill   WorK. 

\\  Galloway   Boilers.  immediate  delivery 

5Z  All    Sizes    and    all    Pressures. 

JJ      WROUGHT    STEEL    SUPERHEATERS 
O 

£%  Telegrams:    GALLOWAY,     MANCHESTER.  London   Ofhcc  :     17,     PHILPOT     LANE,     E.C 


QUICK    DELIVERY. 


The    Safest    and    Most    Reliable    on 
the    Market. 
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Condensing  Plant 


The  Mirrlees-Watson  Co., 


GLASGOW,    SCOTLAND. 


LIMITED, 


CONDENSING    PLANT  '''"' 
HIGH     VACUUM. 


LONDON    OFFICE: 

158f    Greshant    House, 
Old   Broad   Street,    E.G. 


Conveying  Machinery 


GRAHAM,  MORION 


WORKS;    LEEDS,    ENG. 

CONVEYING     PLANTS, 


&    CO.,    LTD. 


SCREENING     PLANTS,    CRUSHING     PLANTS,     STORAGE 
PLANTS,  PICKING    BELTS,  TIPPLERS,  JIGGERS,  Etc., 

iniNES,  COLLIERIES,  BOILER  HOUSES,  GAS  WORKS.  Etc 


i,SLz-,SLAa--/ii:iti<iu 


LONDON    OFFICE  : 
Lennox  House,  Norfolk 
Street,  Strand,  W.C. 


GLASGOW    OFFICE  : 
163,  Hope  Street, 
Glasgow. 
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AUSTRALIAN    ADDRESS: 

Mutual  Life  Buildings, 
Martin    Place,  Sydney,  N.S.W. 


Miscellaneous 


MACHINERY  for 
ECONOMIC  HANDLING 
OF  MATERIALS. 


DESIGNED    AND    BUILT    BY 


5-ton   ELECTRIC   TRAVELLING   CANTILEVER   CRANF. 

F'lr  Stocking  niid  Loridini;  Material.     Span:  325  It. 


The  Brown  Hoisting  Company 

London  Office  — 

39,  VICTORIA  ST.,  S.W. 

Main   Office  and   Works — 

CLEVELAND,  OHIO,  USA 

New  York  Office — 

26,  CORTLANDT  STREET. 


Have  you  got 
the  last  Six 
Numbers  of 
P.M.? 

YES  ?      WELL   WHY    NOT 
COMPLETE    THE 
RECORD      BY      SENDING 
FOR    THE 

TITLE    PAGE   \     Post   Free 

and  INDEX  ?  i    9d. 


Clun  House, 

Surrey  St.,  Strand, 
London,  W.C. 


^V\C  P>?/> 


HYDRAULIC 

PRESSES, 

PUMPS, 

HOISTS 

AND 

LIFTS. 


C01T0\    B.AI.I.NT.    I'KESS, 
WITH    H0.\. 


SCREW 
PRESSES 
OF  ALL 

DESCRIPTIONS, 
OIL  PRESSES, 
Etc.,   Etc. 


Telephone   No.  :   251.         Tclejirams  :   "  Omo,  Huddersfield  " 


EDWIN  MIllSeSON 

ASPLEY.1RON.WORKS 

HUDDERSFIELD. 


Rolling  Stock 


W.  R.  RENSHAW  &  CO., 

MANUFACTURERS    OF  LIMITED, 

Railway  Wagons,  Railway  Carriages,  Railway  IronworK. 


Kailway 
Wheels  d 
^xles 

of  every  kind. 


iPECIAL 

ATTENTION 

IVEN  TO 
ROLLING 
STOCK  FOR 
SHIPMENT. 


Telegrams: 
Renshavvs,  Stoke- 
on  Trent.' 
Opifieer,  London.' 

Telephones  : 
8  Potteries. 
S  Avenue,  London. 


One  of  70  Special  Vehicles  constructed  for  Barnum  &  Bailey's  Show.     These 
have  run  on  all  the  principal  British  and  Continental  Railways, 


We  have  special 
modern  plant  for 
the  quick  produc> 
tion  of  .  .  . 

All=Steel 
High 
Capacity 
Wagons. 


Phoenix  Works,   STOKE  ON  TRENT. 

London  Office:  46,  King  William  Street,  E.G. 


PRESSED  STEEL    CAR    CO. 


London  Office  : 


20,  BROAD  STREET  HOUSE,  LONDON,  E.C. 


(PITTSBURG,    PA.,    U.S.A.) 

Manufacturers  of    .    .    . 

PRESSED  STEEL  WAGONS 


OF    ALL    GAUGES. 


30=Ton    Self=Clearing    Coal    Hopper    Wagon,    as    used    in    South  Africa. 

;6 


^SIWHSm 


Miscellaneous 


These  Furnaces  are  Made  from  Special  Quality  of  Open  =  Hearth  Acid  Steel 
Produced  at  Our  WorKs.  from  the  Best  Selected  Brands  of 
S^^•edish  and  Cumberland  Hematites. 


SUSPENSION 


^4 


s/f. 


^«C/v^ 


'   ^"'^^  STAB,  AND  ALL  THE  LEADING  STEAWSH\« 


^o^v\J- 


Ed. 


GREATEST 

EVAPORATIVE 

EFFICIENCY 


tN 


^.o^ni^^^-"- 


ctoP^ 


OF 


€.9^ 


«-°|o'iLv°-< 


\\> 


Flanged  Complete  by   Hydraulic   Machinery. 


UNIFORM 

THICKNESS. 


""Ste... 


^e  ueeOS  FOROE_^COMP4fl,y 

^\     J^\^^                        '^°  maintain  the  thickness  of  flanges  and  contracted  parts  which  is  of  vital  importance  '    ^   M 

\     »  we  roll  our  plates  with  a  thickened  edge.  ^^«» 

The  United  States  Survey  allow  a  constant  of  15,000  for  Morison  Suspension  Furnaces 
^ ^ncl  only  14.000  for  all  other  Corru.u'ated  Types  of  Furnace. 


THE    THORNYCROFT   STEAM    WAGON    CO.. 


MaRers    of    all    hinds     of    Steam     Vehicles    for 

Commercial    Purposes,    Lorries,    Vans,    Drays, 

Municipal  Tipping  Dust  Vans  <5  Water  Wagons. 

Loads  from  1  ton  to  7  tons. 


ALL    HIGHEST   AWARDS    SINCE    1898. 

TWO  iMORE  GOLD  MEDALS   AT   LIVERPOOL 

TRIALS,   1901. 

AWARDED  FIRST  PRIZE  (£500)  IN  WAR    OFFICE 

COMPETITION  OF  MOTOR  LORRIES. 


London  Office  : 

HOMEFIELD,    CHISWICK,    W. 

WorKs  : 

BASINGSTOKE,  HANTS, 


For  Gears,    Bevels,    Worm    Wheels,   Spirals, 
or  anything  in  the  gear  line,  write  to 

THE  BUFFOLINE  NOISELESS  GEAR  Co., 

LEVENSHULME, 
WHO    ARE    THE    ENGLISH 


]  GEAR  SPECIALISTS. 


^ 

irv 
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PAGES  MAGAZINE. 


Mm'm 


mmm 


r^\~  •  •    • 


■''mmk%.m^ 


?©■  w^m. 


■^:^v':/.M:;v.^4^MS^/^- 


Britisif  p^^  u' dis^yei'^W^;;^^^^^'''''"''  ^"^  "'''  ^''^'^'  '"^'"'''^  "'  advertisement.,  in  which  skill  seldom  seen  in 

ful  ind  'astefu*i*'^rk-^rL?mt"^"'''  "l  'L^  P''"^"ct''>"  '*  concerned,  it  is  unsurpassed.    The  result  is  seen  in  a  collection  of  power- 
lul  and  .asterul  advertisements,  ivhich  a  would  be  impossible  to  tin-l  in  any  other  publication.  •—Pra^n-ssr.r  Advertilinf^. 

produci^o^/to  which "ixwis"h  e''veo^u!^Ss'^.sLm '/„>!'  '''PP'^-^^"''  ^"''  ^'^  con:;ratulate  the  proprietors  on   Iheir  splendid 

"In  the  new  illustrated  technical  monthly  the  .-Vmericans  find  their  fir.t  rival  in  this  country."-r//t-  Sun. 
^^rr^'^^V^J^t}^^^^^^^^        '^''Sland  among  the   monthlies  dealing  with  engineering,   electrical, 
,.     '  .^■*';''',^  MAr.AziNK  tor  August  maintains  its   p.-oud  position  at. the  head  of   the  high-class  engineering  monthlies."— r/z^.- 

Cu\  House.  Strrev  Street,  Strand,  W.C. 


fE^mhme^ 


7i^ 


Pumps,  &c. 


TAKIGV 

STEAM   PUMPS 

FOR    ALL    DUTIES. 

'SRECIAL"      DURLEX 
RI_Y-\A/HEEI_,    6cc., 

ALSO       .       . 

Centrifugal   Pumps,     Treble  -  Ram    Pumps,    etc. 

Electrically  Driven  Pumps 

A     SPECIALTY. 


14  X  S  X   12  in.  "Special"  Pump. 


TANGYES 


CORNWALL    WORKS, 


Birmingham. 


BRANCHES     AT  LIMITED 

London,    Newcastle,    Manchester,   Glasgow,   Cardiff,    Rotterdam,    Bilbao,   Johannesburg. 


S.  HOWES  Co 

Hydraulic   and   Mining:   Engineers, 

64,  Mark  Lane,  LONDON, 


And  "Eureka"  Works,  NEW   YORK. 


ENGLAND. 


.SsSf. 


"  LITTLE  GIANT "  TURBINES 
rk   "HOWES "CENTRIFUGAL  PUMPS. 


HORIZONTAL 
AND    VERTICAL. 


Made  in  12  sizes  to  suit  all  capacities. 


-'».  m-j^^:-^ 


Water  Motors  and  Pelton 
Fans. 

"Eureka"  Grain,  Seed,  and 
Rice  CleaninR,  Grading, 
and  Hulling  Machines. 

Portable  and  Stationary 
Forges.  Cranes  for  all 
purposes.  ^<^^^ 
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PAGE'S  MAGAZINE. 


tyiMMAf©!}!!!® 


*>-.. 


^'^ 


-vA 


ir- 


"*•> 

^ 


.=^.: 


>^*<«f;:;wirf£d 


''*^- 


oir  enAi  ig®Gfl 


TO  ^av. 


••  By  no  ineaiis  least  interestini;  in  the   iiKi«a/.iiic  arc-  the  pa.Ucs  devoted  to  advertisements,  in  wliich  sl<ill  seldom  seen  in 
Britisli  papers  is  displayed."— ;j///i/;;;  JC.\firs,.  ' 

"So  far  as  the  mere  excellence  of  its  production  is  concerned,  it  is  unsurpassed.     The  result  is  seen  in  .1  collection  of  power- 
lul  and  tasteful  advertisements,  which   it  would  be  impossible  1.)   luul  in  any  other  publication. '—/Vinjccss/iv  .hlrcitisinii. 

"  It   is   tiie   best  magazine   of   its  class   which   has  yet   .ippearetl,  .uul  we  cou-ratulate  the  proprietors  on    Jieir  splendid 
production,  to  which  we  wish  every  success."— .S'/t-aJ/rs/;//!. 

"In  the  new  illustrated  technical  monthly  the  .Americans  lind  their  ru-,t  rival  in  this  country." -V7;f  Sun. 

"This   magazine  now   takes  the  leading  position   in  England  among  the   monthlies   de.iling   with  engineering,   electrical, 
shipbuilding,  and  allied  industries."— .l;;;!;' luu/  A'lirv. 

'■P.ACK'S  M.At;.AZlNK  for  August   maintains  its    proud  pi^itioa  at.tlie  head  of   th2  high-class  engineering  monthlies."— T/jt' 
Eiviiiiit;  Telegraph. 

CLIN  House,  Sfrrey  Stkeet,   Str.wi),  W.C. 


HmMm: 


Pumps,  &c. 


TAIMGV 

STEAM   PUMPS 


FOR    ALL    DUTIES. 


14  X  8  X  12  in.  "Special"  Pump. 


"SRECIAL"      DURLEX 
RLY-WHEEL,    6tc., 

ALSO       .       ■ 

Centrifugal   Pumps,     Treble  -  Ram    Pumps,    etc. 

Electrically  Driven  Pumps 

A     SPECIALTY. 


TANGYES 


CORNWALL    WORKS, 


Birmingham. 


BRANCHES     AT  LIMITED 

London,   Newcastle,    Manchester,   Glasgow,   Cardiff,    Rotterdam,    Bilbao,   Johannesburg. 


S.  HOWES  Co 

Hydraulic   and   Mining:   Engineers, 

64,  Mark  Lane,  LONDON, 


And  "Eureka"  V/orks,  NE^V   YORK. 


ENGLAND. 


"  LITTLE  GIANT "  TURBINES 
JL   "HOWES "CENTRIFUGAL  PUMPS. 


HORIZONTAL 
AND    VERTICAL. 


Made  in  12  sizes  to  suit  a.11  capacities. 


Water  Motors  and  Pelton 
Fans. 

"Eureka"  Grain,  Seed,  and 
Rice  Cleaning,  Grading, 
and  Hulling  Machines. 

ITT""!!  I  I    Portable        and         Stationary 

lU' ^^-j  Forges.      Cranes     tor    all 

-_ii» — /^  purposes.  SB^^ 
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^1' 


Qas  Generators 


Send  for  particulars  of  our  Patent  Gas 
Generators  for  producing  clean  gas  from 
bituminous  coal. 

The  most  economical  and  the  most 
efficient  method  of  driving  gas  engines  and 
heating  furnaces. 

Over  2.200  plants  in  daily  use. 


For  Gas  Engines. 


GAS 


For  Heating  Purposes 


FURNACES 

For  economy  in 

REHEATING. 

FORGING. 

CASE  HARDENING, 

ANNEALING, 

CALCINING, 

MELTING, 

RIVET   HEATING, 

Etc.,  etc. 


W.    F.    MASON,    LIMITED, 

Engineers  and  Contractors, 


MANCHESTER,    ENG. 
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^~^. 


Miscellaneous 


Weigh   Everything. 


^ — ^ — ' — a>' 

?I?tI??I?iI?iI??Ii?I??I?iI??I??I??I?!l??I??IiiI??I?iI?iI?^ 
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•It 

3? 
3? 
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H? 
3- 
3- 

3- 

3- 
•H 
•H 
Ht 
H? 

NEAR    LEEDS.    ^ 

3- 


S.  DENISON 

and  SON, 


Hunslet  Moor, 


LAUNDRY  MACHINERY 


Also 


COOKING 
APPARATUS 


Catalogues  on  Application. 


W.  Summerscales  &  Sons,  Ltd., 

Phoenix  Foundry,  KEIGHLEY,  England. 


6i 


Destructors 


\m 


,/;/M.y^wy/wvrA'//my 


;^iii^ 


.VQOR. 


HSVNDS 
Tll^D? 


By  the  opposition  and  prejudice  of  a  short-sighted 
municipal  policy  in  the  matter  of  refuse  disposal  a 
policy  which  involves  burking  the  question,  doing  the 
work  in  the  most  unsatisfactory  manner,  and  losing 
opportunities  of  saving  the  rates  ? 

A  visit  to  Darwen  or  to  one  of  the  destructor  plants 
erected  by  us  in  your  more  immediate  neighbourhood 
should  do  much  to  dispel  fallacious  notions. 

The  Meldrum  Destructor  goes  to  the  root  of  the 
matter,  effectually  disposing  of  the  refuse  once  and  for 
all.  Not  merely  eliminating  the  undesirable,  it  con  = 
serves  the  valuable  residue,  and  proves  at  once  an 
indefatigable  scavenger  and  money=maker.  Wideawake 
corporations  are  using  the  surplus  heat  for  steam 
power  in  their  electric  light  and  tram  departments. 

For  full  particulars  of  the  "Simplex"  and  "Beaman 
and  Deas"  Destructors  write  to 

MELDRUM  Bros.,  Ltd., 


TIMPERLEY, 

near  MANCHESTER, 


66,  Victoria   Street,  Westminster, 
LONDON. 


England. 


f 

w 

i 


i 
i 
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"HORSFALL" 
DESTRUCTORS. 


Plants  at  Work     =        =        = 
Plants  under  Construction  - 


New  Orders 


(Received  since  January  ist,    1903) 


THE 


HORSFALL  DESTRUCTOR  CO.,  L" 


Lord   Street    Works, 


LONDON : 

19,  Old  Queen  Street, 

Westminster,  S.IY. 


Lieber's  and   ABC   Codes   used. 

Telegrams :  

"DESTRUCTOR,  LEEDS.  AGENCIES    IN      THE     PRINCIPAL    COUNTRIES 

"DESTRUCTOR,  LONDON."  OF    THE     WORLD. 


The  Next  Move 


On  the   Board, 


'when'^^the    Principal    won't   see   you. 


i 


i 


*»¥  > 


IS     TO      SEND 


A    FIRST=RATE    CATALOGUE 


Something    that    he    will    looK    at. 


Something    printed   by    .   . 


■Iclepliune  Xo.  504  H<iI.n<iK\. 
Tc-legr;iins  ;  "SoriHEKNWOOi),  London." 


SouTHwooD,    Smith   &   Co.,  Ltd., 

ART     PRINTERS, 
Plough  Court,  Fetter   Lane,  LONDON,  E.G. 


The  CLEVELAND  BRIDGE  ENGINEERING  C 


0. 


LISVIITED. 


NEW    HIGH    LEVEL    BRIDGE     NEWCASTLE-ON.TVNE 


EST  BIHOeE-  ©ONTRACT  S»NCE  FORTH   BRtOCE 


DARLINGTON,  ENGLAND. 

Bridge  Builders  & 
Contractors. 

Annual  output  15,000  tons. 

CONTRACTORS     FOR 

The  rScw  Mishd.cvcl  Bridge  over  the  Tyne 
at  Newcastle  for  the  PSorth  =  Eastern  Ul> .  Co., 
carrying  four  Railroads,  value  half  a  million. 

SPECIALISTS     IN     DEEP     FOUNDATION    WORK. 


6; 


Roofs,  &c. 


More  durable  than  iron.  Cheapest  for  all  spans  up  to  100  Feel. 


D.   ANDERSON    6   SON,   Ltd.. 


LAGAN     FELT    WORKS.    BELFAST,    and 
FINSBURY     PAVEMENT     HOUSE.    LONDON.    E.G. 


ss  Portable  Building  Co.,  Ltd. 

FLEETWOOD. 


Finsbury  Pavement  House, 

LONDON. 

Buildings 

for  Home 

and 


^^■^[wimrnmim 


HffE 


Manchester   Chambers, 

MANCHESTER. 

Portable, 
Artistic,  and 
Comfortable 

Dwellings. 


^  .       Military  Quarters,  Residences, 

Lxport.  Bungalows,  &  Hotel  Buildings 

SPECIAL   DESIGNS    FOR  ALL    CLIMATES. 

Buildings  Packed  &  Marked  in  Sections 
'ff^     w-  for  Easy  Transport  &  Erection. 

i!«tf^S"T^^  DELIVERED     FOB.     LIVERPOOL,    LONDON,    or    SOUTHAMPTON, 

;^:<  c /J^R'^JI'k?;!  V        Estimates,    Designs   6   Catalogues   Free. 

""^'WPTWfVf^"'  '   S.U.H  A,r,can 


Address  : 
P.O.     BOX     175    JOHANNESBURG. 
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tei^DKIEl! 


Iron  and  Steel 


CONSETT  IRON    COMPANY  L 


WORK  SandOFFICETS    -  CONSETT  c  Durham 


Steel    Plates  &  Angles 

(Siemens    Acid   Process). 

Tees,  Bulbs,  Zeds,  Channels,  Bulb  Tees,  and  Angles, 

ROUND,    SQUARE    AND    FLAT   BARS. 

STEEL    CHEQUER    PLATES 


BESSEMER    PIG     IRON. 

Oval  and  Diamond  Patterns, 

m-^^f^          Steel    Plates 
1^^                       Angles 

2,500   Tons. 
1,500 

3 

COAL  OWNERS  and  Makers  of 

^     ^      Firebricks,  Coke,  <Sc.,  for  Blast  Furnaces  and  Foundries. 

Material   of  the    HIGHEST   QUALITY    manufactured,    such   as    is   used    by   the    British    and    Foreign    Governments   for 

Shipbuilding-   and    Engineering    purposes. 


0FF,cEscONSETT'»"'^"'^^ANoNEWCASTLE  '"TYNE 
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RmMm\ 


^ 


Iron  and  Steel 


~  ■•■-     '' 


WALTER    SCOTT,    Ltd., 


LEEDS      STEEL  Telegrams: 

"  Bessemer 
WORKS     .       .       .  Leeds." 

LEEDS,  ENGLAND. 


Manufacturers  of    .     . 

Rolled  Steel 
Joists, 
Channels,  etc. 

Mild  Steef   Blooms,  Billets, 

Slabs,     Tinbars,      Rounds, 

and  Flats, 

SpccialitV: 

Tramrails. 

Books  of  Sections  and  other  information 
on  applicution. 


F.  A.  KEEP,  JUXON  &  Co 


OF    EVERY     DESCRiPTION. 


TANKS 


FOR 


TRANSPORT 
SERVICE. 

MISCELLANEOUS 
IRON-PLATE   and 
CONSTRUCTIONAL 
IRONWORK. 

Forward    iVorks, 

BARN     STREET. 

BIRMINGHAM. 


National  Telcphono  :  ::77.i 

Telegrams  ;   ■'  Structures,  Birmingham. 
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Styrlan  steel  Works,         ^     A     \if  L.        f^  T    1  i'^ 'K  T      "KP  "X^  St.  Paul's  Square,        ♦ 

SHEFFIELD.  W^^-Rd  J3  V-/  V>  xV.  J-/ Xl<    X    •  BIRMINGHAM. 


MANUFACTURER,    ROLLER   Cf    FORGEMAN    of  every    description    of  ♦ 

CRUCIBLE  CAST  6  MILD  STEELS.  J 

♦ 
Speciality  :  t 

BOHLER  STYRIAN   STEEL.  J 


Contractor  to  H.M.  Government,  War  Office,  Admiralty,  India    Office,  6    Foreign    Govts.      t 


EDGAR  ALLEN  &  CO.,  L^d 

TOOL  STEEL,  SAW  &  FILE  MANUFACTURERS,  &  STEEL  FOUNDERS. 

.    .    SOLE     MAKERS    OF    .     . 

w^,-.^^The  EDGAR  ALLEN 

^R-HARDTNiN^ 

M^^^^^^^^         TRADE    MARK   GRANTED   1885 

HIGH-SPEED  TOOL  STEEL  AND  TWIST  DRILLS. 

Allen^s  <^  Manganese  Steel 

CASTINGS  &  BARS  for  TRAMWAY  POINTS  &  CROSSINGS,  DREDGER  PINS  &  BUSHES,  ORE  CRUSHERS,  &c. 

COR  RESF»0  N  D  EN  C  E      INVITEO. 

Imperial  Steel  Works,  Tinsley,  SHEFFIELD. 


RICHARD    DAVIES    &    SONS. 


VICTORIA       /       ^^^      k       BILBERRY 

BOLT  AND  NUT  ipV-    --^^^j|  1  ^^'> 

WORKS,         trlil  ■liJ  MANCHESTER. 


Manufacturers  of  BOLTS,   NUTS,  WASHERS,   RIVETS,  TIE-RODS    IN    IRON    OR   STEEL.     Also    BEST    BRIGHT   FINISHED   NUTS, 
SET   SCREWS,    WASHERS,   &c.,    FOR    ENGINEERS   AND   MACHINISTS.     Telegramj :  "HEXAGON,  Manchester." 
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Iron  and  Steel 


k 


Brown  Bayley  s  Steel  Works,  L 


Telegraphic  Addresses 


\   "BAYLEY.  SHEFFIELD." 
"(  "BALI,  LONDON." 


SHEFFIELD. 


/N 


Manufacturers  of  Steel  by  the  "SIEMEN'S"  and  "BESSEMER"  Processes. 

MAKERS  OF     .     . 


Tyres,  Axles,  and  Springs  for 
Railway  Locomotives,  Railway 
Carriages  and  Wagons,  and  for 
Tramway  Engines  and  Cars. 


Special  Guaranteed  Spring  Steel  for 
Railway  Locomotive  Springs,  Railway 
Carriage  and  Wagon  Springs,  and  for 
Lorry,  Dray,  and  Cart  Springs. 

Planished  Steel  Bars  for  Shafting  for  Engineers, 
and  Agricultural  Implement  Makers. 


N^ 


STEEL  FORGINGS. 

SPECIAL    STEEL    BLOOMS    AND    SLABS. 
London  Office:  Suffolk  House,  Lawrence  Pountney  HilL  e.g. 


c 


y\ 


^^ 


C/rankshafts  and  f  orgings  ^ 

(ON    ADMIRALTY,    WAR    OFFICE.    <&c.,    LISTS.) 

BENT  CRANKS 

(Square   or   Round) 

■>  -  ^'^ 

For   Marine   and 
other  purposes. 


Bent   ThrcG-Throw    Pump   Crankshaft. 


«/j-"«a« 


WOODHOUSE    AND     RlXSON, 


SHEFFIELD. 
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Fainley  Iron 


ROLLING     BARS. 


Farnlcy  Bar  Iron  is  used  in 
Mining  for  pit  cages,  suspending 
gear,  and  odier  important  parts, 
•ind  on  all  the  leading  Railways 
in  Great  Britain,  India,  and  the 
Colonies,  for  shackles  and  other 
vital  parts  subjected  to  repeated 
shocks. 

Farnley  Iron  will  stretch  cold 
from  V^  in.  to  2^^  in.  in  a  length 
of  6  in.  before  fracture,  and  is 
safest  for  welding.       e^^Oi 


Address:  The  Farnley  Iron  Co.,  Ltd..  Leeds,  England. 


ON    ADMIRALTY    LIST. 


Telegrams:   "CRANKS.    LINCOLN. 


FOR    eRHNKS 
&  FORGINGS 
OF    EVERY 
DESeRIPTION 
WRITE   TO 


iS 


eLARKE'S 
eRHNK   & 
FORGE    e©., 
LTD.,   LINCOLN, 
ENGLAND. 


SSWH«: 


Iron  and  Steel 


kinds  and    sizes  and    carry   stcck    exceeding    all   others,   tut  ycii    can   consider 
(ivith  profit)  cur  Icrged  F.ope    Sockets,    Hooks    and   Eye   Eclts,  in  vj-hich 


THOMAS  SMITH  &  SONS  OF  SALTLEY,  LIMITED,   BIRMINGHAM. 


0 

Contractors  to 
War  Office  . 
ndia  Office 
\dmiralty  . 
ritish  and 
oreign  .  , 
Railways     . 

0 


0 

Accurate  and 
Reliable  .  .  . 
Stampings  for 
Engineers  .  . 
Shipbuilders 
and  Kindred  . 
Trades    .     .     . 


AN     OLD     ESTABLISHED     FIRM     OF     50     YEARS     STANDING. 


THE  WELDLESS  STEEL  TUBE  Co., 

LIMITED. 

ICKNIELD    PORT    ROAD,   BIRMINGHAM. 


The  Original  MaRers  of 

PATENT    WELDLESS    STEEL    TUBES 


ON     ADMIRALTY     LIST. 
ESTABLISHED     1872. 


For  BOILERS 

HYDRAULIC     PRESSES 
FERRULES 
BORING     RODS 
BUSHES 


SHAFTING 
COUPLINGS  & 
GENERAL 
ENGINEERING 
PURPOSES 


BgmM]^ 


"~?^ 


Tubes 


MANUFACTURERS     OF 

Weldless  Steel 


Iron 
Tubes 


Steam  Pipes,  Hyd 
Tubes,  Boiler  T 
High  Pressure   . 
Steam  Main 


HOLLOW  FORCINGS 
COLLARS.  FERRUL 
BUSHES.  LINERS. 
COUPLINGS.  AXLES 
PISTON  RODS. 
Etc.,  Etc.. 
Quoted  for  on  .  . 
receipt  of  .  .  . 
particulars. 


-  FOR  . 


Super-heaters 


SPECIALITY. 


Contractors 


to  the  War  Office 
Admiralty. 

Limited, 

BIRMINGHAM. 

Nat.  Telephone  No.:  2582.    Telegrams:  "  Cylinders,  Birmingham." 
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"A^i^ 


THE 


Wheeler  Condenser 


AND 


Engineering  Co. 


179,  Queen  Victoria  Street, 
LONDON. 


The  most  compact,  durable,  and  efficient  Cooling 
Tower  Manufactured. 

Maximum     reduction     with     minimum     loss     by 
evaporation. 


90,000  h.p.  operating  in  Great  Britain. 
25,000  h.p.  in  process  of  construction. 


svp^'. 


wmmmmm 


PPPMS^ipsPIPP 


to   suppose   that   you 


Gearing. 


jt'^t^^^^'Sv 


IT  IS  A  FALLACY 

can  obtain  the  same  results  witii  badly  cut  or  cast  gearing 
as  you  can  with  that  which  is  machine-cut  and  accurately 
made.  The  advantage  of  the  latter  is  that  it  runs  smoothly 
and  absorbs  a  minimum  amount  of  power  even  when 
working  at  high  speeds. 


E.  ARNOLD  POCHIN, 


CROFF    ST., 
PENDLETON, 


MANCHESTER. 


—J     ti     t. 


CL 

< 


J.  B 


ENNETT  VON  DER  HEYDE.  6,  Brown  St 


^     ^     "' 
2     u     ^ 


il'   PI   3 


MANCHESTER 


HEYWOOD  &  BRIDGE'S 

IniprovL'd    Patent 

FRICTION  CLUTCH 

A  Clutch  for  all    Drivaa.) 


HiindredN  o(    ReptJt  Orders. 
Thousands   WorkinK- 
Complete   Clulcli    InsHllati--- 
New  Work,  Co  pages,  Free 


DAVID  BRIDGE  d  Co., 

Castleton   Iron  WorKs.  ROCHDALE.  LANCS. 

I.(.iid(.n  Oiii.  c  :    ;;,  'J'  1  i- ■-   \  :■  '    :     ^   -  ;     m     .   I    ' 


Boilers,  &c. 


a, 

.^ 


^^ST  ^^  ^Q^ 


ROVLES  limited-  !r[Am  •/nANeHEsfER. 


B^ 


COCHRAN  BOILERS 

PATENT  VERTICAL  MULTITUBULAR 


•;; 


AND 


High=Class    Cross    Tube 


Supplied    to    all    the 
LEADING 

STEAMSHIP    OWNERS 

RAILWAY    COMPANIES, 

and    GOVERNMENTS 
throughout    the    World. 


COCHRAN  &  CO.  (Annan), 

LIMITED, 

ANNAN,  Scotland. 


-6 


^iSM»S 


?157 


Boilers,  &c. 


Engineers  and 
Manufacturers  of 


BABCOCK  &  WILCOX  Ltd., 

Patent  Water=Tube  Steam  Boilers. 


OVER   4,000,000   H.P.    IN    USE    IN   ALL   INDUSTRIES. 

TIk-  only  \V;Uer-Tiibe  Boiler  whicli  ^;nrieil  the  GRAND    PRIX 
(Hi.ylKst  Award)  at  the   Paris   International    Hxliihition,    1901). 


Complete  Installations  of  Steam 

Piping  and  Boiler  House  Plants. 

ALSO 

WATER-TUBE  MARINE  BOILERS. 

E^TIMATEi   ASD    /'/..I.VS    ON   APPLICATIOX. 


Head  Offices 


BAlicUCK    i^    U'll.mX    liull.LK,    llilkll    Willi    Si   l-l'klll'.AiKK. 


LONDON:  Oriel  House,  Farringdon St., 
E.C. ;  and   Branches. 


A  valuable  treatise  on  "  Stenm  "  and  "  Ac- 
cessories "  Catalogue  free  on  application, 
to  Engineers  and  Steam  Users. 


WORKS:   RENFREW,  Scotland. 


TD 


HerbertWPermL 

iIooDCaTES^v/oHkS 
BiRmiHCHam. 

TELEGRAPHIC  ADDRESS 

"floodgate"  BIRMINGHAM. 

TELEPHONE     N9  373. 

STOCK     250.000     CROSS 


^ 


lj 
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Boilers 


THE  STIRLING  COMPANY 
OF  U.S.A. 

1  he  Original  Manufacturers  of  the 

STIRLING 
BOILER 


WATERTUflE 

SAFETY 


THE  MOST  ECONOMICAL  BOILER  ON  THE  MARKET. 

ADAPTED   for   ANY   KIND   of  FUEL,  and  for 
either  HAND  or  MECHANICAL  STOKING. 

Specially  suitable  for  Firing  by  Qas 
from  Blast  Furnaces  or  Producers,  or 
for  utilisingW'aste  Heatfrom  Heating 
Furnaces.  Upwardsof  1,400,000  H. P. 
of  our  Boilers  in  operation. 


ESTIMATES       GIVEN      FOR      COMPLETE       BOILER-HOUSE       EOUIPMENTS, 

BRITISH    BRANCH- 

53,  Deansgate  Arcade,  Manchester, 


TELEPHONE  309.S. 


Telegrams:    "TUBULOUS,    MANCHESTER.' 


^  THE    MORRIN    PATENT 

CLIMAX'WATERTUBEBOILER 

600,000  H.P.  in  use. 


Made  in  all  sizes 

up  to  1,500  H.P. 

Suitable  for  all  Steam-raisiiiu 
purposes,  and  all  conditions 
of  workinj;. 

licst  dispostd  Heatinii  Sur- 
iacc  for  utilisation  of 
furnace   teases 

Best  water-circulatini; system 
and  steam  superhcatini; 
system  obtainable. 

lubes  all  one  s  zc,  and  ex- 
panded into  one  drinn  onlv 

Economical  in  floor  vp.uc. 

F.connmical  in  wcjrkini;, 
\>.  liether  tired  by  hand  01 
:iieclianicallv. 

Also  Coal,  Coke,  and  Ash 

Conveying  Plants, Water 

Softeners,  and  Purifiers, 

Steel  Chimneys,  &c. 

BiiOiiDXCo.. 

LTD., 

Climax  Holier  Ulorks, 

REDDISH,    near 

MANCHESTER 


London  Office:  47,  VICTORIA  ST.,  WESTMINSTER. 


LEEDS  CITY  BOILER  WORKS 

(Established  1862.) 
a     a     ON     ADMIRALTY     LIST,     a     0 


MAKERS  OF 


High-Class 
BOILERS 


<s#^ 


To  stand  any  test  or 
pass   any  inspection. 


■¥ 


MAO 

E    nv   THE 

LATEST 

IMPROVED 

MACHINERY. 

\ 

■a    .* 

Most 

' 

Modern  and 

/    / 

Complete 

/    - 

Plant  in 

Yorkshire. 

VERTICAL    BOILERS 

Always   in   Stock  and  la  Progress. 

SPECIALITY.- Hollers     Htted     with     Dei.s;hton-s    Patent    Corruiiated 
Fines  oive  2ll  per  cent,  increased  heatint;  surface  over  ordinary  tti7es. 

Contractors   for  Roofs  and  all  kinds  of  Structural  Iron  and 
Steel  Work. 


Brass  Foundry 


Mitton, 


Best  Compound  Pressure  :incl 
Vacuum  Gauge.     No.  g. 


MAKERS    OF 


HIGH-CLASS 
FITTINGS  ONLY 

for  Engines  and  Boilers.     =^^^=:^^= 


Xo.  92S.— Compound  Gland  Cock.    With  L-jcking 
.Vrrangemcnt  and  Asbestos  Packed. 


Engineers'  Brass  Finishers. 


steam  Pressure  Gauge       Not       QROWN     BRASS     WORKS, 

OOZELLS  STREET  NORTH, 

BIRMINGHAM. 


^^^  ADJUSTING! 
^  MUr 


Hydraulic  Gauge.  With  Maximum 
Hand  and  Lock  and  Key. 


INLET 


PRESSURE 


WATER 
CYLINDER 


OUTLET 

LOW 
PRESSURE 


ADJUSTING 
LIFT  OFUALI/E  ' 

SKETCHED  AS 
UNDER    PRESSURE 


Duplex  Tc=t  Gauge.     No.  7. 


Ktdiicing  Valve. 


,^a  Gi.Ki  I 
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THE  NEW   OFFICE  TYPEWRITING   PAPER  !!! 

(MADi:     IN     I-:.\<'.LAM).) 


Every  Sheet  bears   this    Watermark. 


ii 


R 


©F®^©  ©©Kl©'' 


Manufactured  in 

WHITE  and  FIVE  TINTED 

SHADES. 


So.'e  Manufacturers  and  Proprietors :  — 

LEPARD   &.   SMITHS,   Ltd., 

29.  King  Street,  Covent  Garden, 

LONDON,    W.a 


Instruct  your  Stationer  or  Printer  to  supply  this  paper  only, 
or  if  unable  to  obtain,  write  direct  to  us  and  we  will  gladly 
send    specimens    and    the    name    of    the    nearest    Stationer 

who    can    supply   you. 


JOHN  SWAIN  6  SON,  Limited, 


PHOTO-ENGRAVERS  IN  HALF-TONE  AND  LINE. 


MACHINERY 
REPRODUCED  IN 
HIGHLY    FINISHED 
STYLE  FOR 
ENGINEERS'  AND 
MANUFACTURERS' 
CATALOGUES. 


WOOD  ENGRAVERS  AND  ART  REPRODUCERS  by  ail  the  Latest  Methods. 

58    FARRINGDON    STREET,    LONDON,    EC. 


Threc-Colour  Process    a  Spcciality> 

West    End   Offices  : 

163a.  STRAND.   W.C. 


8o 
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^^■^^■^^■^^■^^■^^■^if-^ir-^i^^'L^'L.J'LJ*  J*  J'  J"  J"  J*  ^*  J'  J'  ^*  J*  J*  ^'  J'  ^*  ^'  J*  J'  J*  J'  ^'  ^'  ^'  ^*  J'  J*  ^'  J*  J*  J*    *'    >'  •^C 
t\   fK   tK   *<   tK   fK   fK   *K   fi.   vK   fK   fK   fC  rT  rC  f^  fT  fC  *C  fT  *C  riT  *^  rC  *C  *^  rC  rC  fC  fC  *C  rC  rC  r^  t^  rC  rC  *^  »C  fC  riT  rCViT'rr  '* 


Watch  your  Work!       Dont  Trust  to  Chance. 


THE 


OLIYEI^ 


TYPEWRITER       ^=^ 

And    your    work    is   always    before  you. 

A  Time  Saver  !       A  Business  Builder ! 


The  STANDARD  VISIBLE  WRITER 

Used  by  leading  Engineering:  Firms,  including— 

Lloyd  &  Lloyd,  Ltd. ;  Babcock  .v  Wilcox,  Ltd. ;  Stiktkvant  Engixeerixg  Co.  ; 
James  Keith  iV  Blackman,  Ltd. :  Vickeks,  Sons  iS;  Maxi.m,  Ltd.  ;  Merry- 
weather  &  Sons,  Ltd. :  Meldrum  Brothers,  Ltd. ;  Edisox  &  Swan  United, 
Ltd. ;  JOHXsox  &  Phillips  :  Tohx  Dewraxce  &  Co.  ;  British  Westixghouse 
Co.,  Ltd. :  Marshall,  Soxs  &;  Co. 


1    Is    not   this   good 
testimony  ? 

Shn'D    i(jk    C\iALO(;rE — 


''    Oliver     Typewriter    Company,    Ltd., 

;  75,    QUEEN    VICTORIA    STREET,    LONDON,    E.G. 

rJi,.^ir.ii,-^i,^i,Ji,Ji,J'LJ*,^*J'i,^*^*j>  ^*  J*  ^*  J*  ^*  J*  J*  J*  J*  y*  y*  ^*  y*  j*  y*  y*  j'  y*  j*  j*  j'  ^*  ^'  ^'  j*  ^*  ^*  ^*  H, 
ft,  fK  *i.  t>,  fK  f\  *\  YK  tk,  tK  r*  *\  fK  *^  f^  rC  *r  ^r  /C  yC  *^  *^  *r  *^  yC  fC  tC  f^  *^  *C  fC  *C  fC  *r  *C  rr  fC  fC  rC  f^  fT  tK   »k 
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WEEKLY. 


ILLUSTRATED. 


PRICE  6d. 


THE  SHIPPING  WORLD 


Written  by  Experts. 


Illustrated  by  Artists. 


ANNUAL  SUBSCRIPTION,  UNITED  KINGDOM      2U. 
OTHER  COUNTRIES 'iSs. 

Contains     the     best    and    most    informing     illustrated 
literature   regardrng 

Naval   Archiieciurem 
Marine    Engineeringm 
Commercial  &  Shipping 
Questions  of  the   Day, 

THE  SHIPPING  WORLD,  Ltd., 

Effinjjham  House,  Arundel  St.,  Strand, 

LONDON,   W.C. 


Crown  8vo,  cloth  (over  1,200  pages'. 

Price,  United  Kingdom,  5s.,  Foreign  Countries,  6s.. 

Post  Free. 

SEVENTEENTH     YEARLY     EDITION. 


THE  SHIPPING  WORLD 
YEAR-BOOK 

Edited  by  MAJOR  KV.W  ROWL.WL)  JDNKS. 


CONTAININi 


The  Tariffs  of  all  Nations  ; 

A   Port   Directory   of   the   World  : 

A   Digest  of  Merchant  Shippinjj  Acts, 


&c.,  &c. 


To    be   ..btaiiifd   .it    TIIK     SI  II  I'l'l  Xd     WOK'LI) 
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THE  HUNSLET  ENGINE  CO. 

LEEDS. 


LTD., 


431  WiLFLEY  Tables 


MANUFACTURERS     OF 


TANK   ENGINES 
Of  all  Descriptions. 

Designs  and  Specifications  Supplied 
or  WorRed  to. 


I'eleuranis  :  "  Engine,  Leeds.' 


Telephone  :  5'_\S 


have  been  installed  by  the.  .  . 
ANACONDA  COPPER  COMPANY, 
and  are  now  in  use  at  that  mine. 


If  you  are  in  the  market  for 
CONCENTRATING  MACHINERY, 
send  for  particulars  of  the  No.  4 
VVILFLEY  TABLE,  to  be  obtained 
of  the  Sole   Proprietors  : — 


THE  WILFLEY  ORE    CONCENTRATOR 
SYNDICATE,   Ltd., 

7- 1 1,  Moorgate  Street,  London,  E.C. 

Telegraphic  Address  :  "  \Vr.\THLESS.  Loxdox." 

Telephone  Xo. :  1O52  London  W.^ll. 

Codes  used  :    BEDFORD    ISIcXkill  :  A.  B.  C.  ;    MOREINT,  &  XE.4L, 

General. 

More  than  4,000  Wilfleys  have  been  sold. 
Upwards  of  600  mines  are  using  our  Concentrator. 


The 


Remington 


Is    the 
Universal    SaVer. 


Typewriter 


It    is    a    Time    SaVer,    a    Labour    SaVer, 

An    Expense    SaVer,    and    a    "Business    "Builder. 


REMINGTON  TYPEWRITER  COMPANY 

(WYCKOFF,   SEAMANS    &    BENEDICT) 

100,    GRACECHURCH    STREET,     LONDON,    E.C. 

West  End   Branch  :    2b3,    OXFORD    STREET,  W.  And   all    large   Towns. 


ti-^ 


Pumps 


LIGHT  ON  AN  OLD  SUBJECT 


WE  makp: 


ft 


^ 


6^ 


If  you  need  one,  or  think  you  do,  send  to 
us  for  our  new  catalogue,  just  published, 
which    we    will    forward   you    free    of    charge. 

The    .     . 


PUMPS 


Of  every  description 
and  size,  tor  all 
duties  and    services. 


Blake  &  Knowles  Steam  Pump  Works, 

179,    Queen    Victoria    Street,     London,     E.G. 


s:>. 


Telegrams  :  "  FILATURE." 
Telephone  :  202,  228. 


Tfcs  St.  Helens  Cable  Co 


LIMITED. 


WARRINGTON. 


Our   Speciality,    DIALITE. 
A  really  waterproof  cable. 
Cheap,   light    and   flexible. 
I"  No   danger   of   corrosion. 

We    are     also     Manufacturers    of 

Vulcanized    Rubber,    paper,    lead    covered, 
and   dry    core  cables. 

Flexible    and    cotton     covered    conductors, 
and  all  kinds  of  mechanical  rubber  goods. 

Tapes,  &c. 


London  Office:    32,  VICTORIA   STREET, 

Westminster. 


Telegrams:   "  FILATTERIO." 
Telephone  :  4270  GERRARD. 


jfrnMiu 


"TV 


•SIROCCO"   FANS   FOR  S.S.   "CELTIC." 


Miscellaneous 


"SIROCCO" 


Centrifugal 
Fans 

.  .  FOR  . 

VENTILATION 
FORCED    DRAUGHT 
INDUCED  DRAUGHT 
HEATING, 
COOLING, 
DRYING. 
REFRIGERATION, 
DUST   REMOVAL. 
FORGE  FIRES'  i  ic ,  etc. 


3lso  "5irocco"  Propeller  Tans,  Furnace  Fronts,  Engines,  etc. 


Illustrated    and   Descriptive   Pamphlets 
on   Application  4t  41  41  4> 


DAVIDSON  &  CO.,  Ltd., 

b,,„=«.s:l™™,mj»«es™,gias«ow.  "  Sirocco  "  Engineering  WorRs,  BELFAST. 


8UDDEDT8CHE  KABELWERKE  A.-G.,  Mannheim, 


•SYSTEM    BERTHOUD    BOREL.) 


GERiyiJPLI^Y^. 


Contractors  to  the  Imperial  German  Postal  Authorities. 


TELEPHONE  CABLES 


With    Paper   and   Air   Insulation. 


LEAD-COVERED  CABLES 

For  all  Tensions  up  to  40,000  volts. 

SILK-COVERED  COPPER  WIRES. 


The  a  a 

Scotch  &   Irish  Oxygen  Co.,  Ltd., 

ROSEHILL   WORKS.   GLASGOW. 

Valves   for  Gas  Bottles,   Refrigerating   Plant,  etc., 
in  Bronze,   Steel,  and  Aluminium. 

Reducing  Valves,  Keys,   and    all   Fittings  for  Compressed  Gases 


8^ 


Electrical  Apparatus 
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MATHER  6   PLATT,   Ltd.,  ^^ 

SALFORD   IRON   WORKS, 

MANCHESTER. 


MOTORS, 

Open,  Protected, 
Enclosed. 


BELT  DRIVE  OR 
BACK   GEAR. 


. .444444 

^♦^♦♦tt^. 

44 ♦♦♦♦♦44444444 


J. 


HALDEN   6   Co., 

Arc  Lamp  Duplex  Radial 


8,  ALBERT  SQUARE. 

MANCHESTER. 


Photo  Copying  Frame 

(SHAW    AND    HALDEN    PATENT). 

Engineer's  Electric  Frame,  very  superior,  Arc 
Lamp  and  Lowering  Gear,  Printing  from 
Two  Tracings  53    x  31  ,  at  one  operation..       £4210     o 

Other  sizes  as  per  List  post  free  on  request. 

ADVANTAGES   OF   DUPLEX   RADIAL  PHOTO-COPYING   FRAME. 

A.— Copyins;  indoors  at  any  time  where  Electric  Current  is  available.    ■- 
i;.— The  Frame  when  once  mounted  on  the  Pedestal  remains  there. 
C  — Immunity  from   accident  ensured   by  the   Frame  remaining  on 

the  Pedestal. 
D.     The  horizontal  position  (when  placing  in  or  taking  out  Tracings 

and  Copies)  is  the  most  convenient  iof  Operators. 
K.— Two  full-size  Tracings  can  be  copied  at  one  operation. 
K._Thc   glass   plates    can    be    very  easily    cleaned    when    Frame   is 

horizontal. 


CoDies  Two  Tracings  at  One  Operation. 


Also    at    London,    Newcastle=on=Tyne,     Birmingham      and    Glasgow. 

SOLE  AGENTS  in  South  Africa  :  EIDELBERG  BROS.  &  CO.,  Pretorius  St.,  Pretoria. 
P.O.Box     232.  Telegrams  :  "IBIS." 

«6 
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Electrical  Apparatus 


GREENWOOD  &  BATLEY,  Ltd., 


ALBION  WORKS, 

LEEDS. 


MAKI.U'S     Ol'-     l-.VI.KV     DI-.^CIvlll'TIoX     (i|- 


ENGINEERS'  GENERAL  TOOLS   and  of  SPECIAL  TOOLS  for  War  Material  and  a  Great  Variety 

of  Purposes. 


a     0 

De  Laval  Patent 
Steam  Turbine 
Dynamos, 
Turbine  Motors, 
Pumps  and  Fans. 

0         0 


0  0 


Dynamos  and 


^^/       Motors, 


Complete 
Electrical 
Installations. 

0         0 


No.   6352.     200   B.H.P.  Electric   Motor,  420   volts,  400  revolutions. 


FOR     ANY     SIZE     OR     TYPE     OF 

TURBINE 

OR      PELTON      WHEEL 


Apply  to:— 

G.  GIL.KES  &  CO.,  LTD. 

KENDAL. 


"GUNTHER" 

TURBINES 

WITH   VERTICAL  OR 
HORIZONTAL    SHAFTS. 

SPECIAL 
HIGH  PRESSURE 
TURBINES   &   ACCURATE 
HYDRAULIC  GOVERNORS 
for  Electric  Plants. 
PELTON  WHEELS. 


W.  Gunther  k  Sons, 

Central    Works, 
OLDHAM.   ENGLAND. 


TURNER 


DIRECT- 
CURREN 


T  MULTIPOLAR   MOTORS. 


In  3  Types, 


DP 


(Dust  Proof) 


HIGH^CLASS 
Design 

WorRmanship 
Material. 


I  to  50 
B.H.P. 


(Protected) 


OP 


(Open) 


Send  for  Revised  and 
Reduced  Prices  to 


TURNER,  ATHERTON  &  CO.,  Ltd.,  ''J^:^!^^ 


ii? 


Electrical  Apparatus 
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(^MMi]f    Electrical  Apparatus 


~vi 


T.  HARDING   CHURTON  &  CO., 


DIRECT 

CURRENT 
and 
POLYPHASE. 


Either   Open    or 
Enclosed. 


& 


ATLAS  WORKS 

Ingram  St., 

LEEDS. 


AsK   for   New 
Price   Lists. 


KM.  Tyi'E  Gexekator. 


GENERATORS  &   MOTORS 


Telegrams  : 
■MAGNET,  LEEDS- 


Direct=Coupled   Generators. 


Telephone  : 
"JJ   CENTRAL. 


(C 


P.D.M. 
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^ 


PHCENIX    DYNAMO 
MANUFACTURING  CO., 

BRADFORD. 


"^     W 


50  Kilowatt  Three  Bearing  Generator,  500  revs. 


8:) 


Telegrams  ■ 
"CROMPTON.  CHELMSFORD. 
"CROMPTON.    LONDON.' 


OVERHEAD    TRAVELLING    CRANES 
LOCOMOTIVE    CRANES. 
BICYCLE    CRANES. 
JIB    CRANES. 
DERRICKS,    HOISTS,   <&.c. 
ONE,   TWO,    AND    THREE- 
MOTOR  HCR  AN  ES. 


Telephone : 
CHELMSFORD  No.  2. 
1959   LONDON   WALL    (NATIONAL) 
4735  CENTRAL  (POST  OFFICE). 


3-TON    SINGLE    MOTOR    LOCOMOTIVE    CRANE. 
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Electric  Cranes,  &c. 


Electric  Cranes. 


If  you  require  a  Crane,  you  want  the  best. 

It  is  possible  to  pay  a  low  price  and  yet  have  a  dear  Crane. 

Our  object  is  to  give  entire  satisfaction,   because  we  wish  to  do 

more  business  as  the   years  go   by. 
"We  make  Overhead  Electric  Cranes  up  to  100  tons  capacity. 
Any  advice  or  information  that  we  can  give  is  yours  for  the  asking. 
We  invite  your  inquiries. 


THOMAS    BROADBENT  <S  SONS, 

HUDDERSFIELD.  "■"""" 


WAYGOOD 

LIF  TS. 

J5\2  Special  Appointment  to  Ib./Ilb.  tbc  Iking. 


!a_. 


3 


ti 


STANDARD 


w 


EXHAUSTERS, 
BLOWERS, 

FANS, 


Electric,  Hydraulic,  Belt  Driven,  Hand 

LIFTS   &  CRANES. 

Falmouth    Rd..   LONDON.    S.E.     i 


Write    for    Pricos    and     I'.vrlic  ii  lars    to 

THE  STANDARD  ENGINEERING  CO.,  LTD., 

LEICESTER. 
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Cranes 


JOSEPH  BOOTH  &  BBl 


LTD., 

RODLEY, 


O=ton  Steam  Goliath  Crane  at  the  new  L.  6  N.  W.  Railway  Goods  Yard,  Sheffield, 
id  also  supplied  to  Midland,  Lancashire  6  Yorkshire,  and  Great  Western  Rys.,  «&c. 


For 

Lifting 
Machinery, 


Cranes,  Winding  Engines, 
Overhead  Travellers  of 
Every  Description,  Driven 
by  Steam,  Electricity,  or 
Hydraulic  Power. 


London  Agents  : 

A.  E.  W.  QWYN,   Ltd., 
75a,  Queen   Victoria  St.,    B.C. 


Telephone : 

20  STANNINOLEY. 


Telegrams 


CRANES,  RODLEY." 
ASUNDER,  LONDON." 


As  supplied  to  Crown  Agents  for  the  Colonies  and  Government  Departments. 


yn^^BMmm 


Card  Systems 


WILL  BE  THERE 
TO-MORROW 


LIKE  THE  SPHINX^ 
and  you  know  where 
to  look  for  it. 

This  applies  to  every  card  in 
an  L.B.  Card  Index,  and  to 
every  letter  filed  under  our 
Numerical  Vertical  System 
of  Filing  Correspondence.     ^ 


LIBRARY  BUREAU,  Ltd., 


10,  Bloomsbury  Street, 
LONDON,  W.C. 


Branches — 
MANCHESTER :  12,  Exchange  Street. 
BIRMINGHAM:  58,  City  Arcade. 
NEWCASTLE:  Union  Bldgs.,  St.  John's  Street. 


.M^()M. 
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Office  Appliances 


Is  an  outcome  of  the  Card  System,  and  has 
similar  economical  advantages.  It  provides  a 
definite  place  for  each  correspondent's  letters, 
or  for  papers  on  any  specific  subject.  Letters 
are  filed  methodically  and  accurately,  and  can 
be   found   instantly    when   required. 


JSf 


Send   for 


Vtm  1C3^     ^/M  EM     CATALOGUE,    5ECTIOIN     "  E." 

If  you  are   interested  in  Card  System  Methods,  send  for 

CARD    ."S/5TEM     CATALOGUE,    5EC TlOrs     "  D." 


•^ 


LIBRARY   SUPPLY  Co., 


Bridge  House,  181,  Queeti    Victoria  Street, 
LONDON,    E.G. 


Cabinet  and  Joinery   \Vorks— Walthamstow,   Essex. 


-TH^ 


"REFEREE"  Letter  File. 


*  STONE'S    PATENT,    ENGLISH    MAKE-) 

Is  the  BEST,   because  it  is  : 

THE     SIMPLEST, 

and    is    the    ONLY    FRONT    FILING 
System. 

THE    MOST    EFFICIENT. 

Letters  filed  and  found  more   easily 
than  by  any    other  system. 

THE    CHEAPEST. 

Each    File  is  its  own  Transfer  Case. 
Insiicctiuii  invik-(l  of  tiii>  and  of  oui-  many  other 
Labour-saving  Office  Devices. 

Write  for  our  Illustrated  Catalogue? 


\  PARTRIDGE  &  COOPER,  Ltd.,  • ""  ^Z'^ITh.c'-^''^' 
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Business  Systems 


WE  DO   NOT  CLAIM 

originality  for  many  of  our  schemes.  Our  systems,  our  up-to- 
date  business  methods  ;  nay,  even  for  the  mere  details  of  many 
of  the  novelties  which  are  practically  indispensable  to  everyday 
business  life. 

BUT  WE  BELIEVE 

that  there  may  be  minds  more  iitted  than  ours  to  invent,  there- 
fore we  take  hold  of  any  invention  which  will  facilitate  business, 
sift  it  as  wheat,  remove  its  weakness,  add  to  its  points,  and  offer 
you  only  the  best  of  its  kind. 

IT  WILL  PAY  YOU 

to  investigate  and  satisfy  yourself  on  the  merits  of 


^^  Dade ''  Perpetual  Systems 

FOR    ACCOUNT    KEEPING. 

1^1    Vertical  Filing  for  Correspondence* 
(^1    Card  Index  Costing  Systems* 


i^     Office    Equipments 


The  TRADING  &  MANUFACTURING  GO. 


B'usiness    Systems    dxpertis 

Branch  Offices: 

MANCHESTER 

Northern  Assurance  Buildings 
Albert   Square. 

LEEDS . 

Standard   Buildings.  LONDON,        E.C 


wmmtmik 


LIMITED. 

TEMPLE    BAR    HOUSE, 

FLEET    STREET, 
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Time    Recorders 


COST=KEEPING. 


This  Side  Out. 

OOST    CARD. 

Order  No 


•^S^i^; 


'^''Z,  I 


For  Full   Particulars,    write 


International  Time  Recording  Co., 


171,  Queen  Victoria    Street,  LONDON,  E.C., 

And   19,  Waterloo  Street,  GLASGOW, 

96 


Office  Appliances 


J 


THE  LATEST 

DEVELOPMENT 

IN 

LETTER-FILING 

APPLIANCES. 


START 


BUILDINGUP 
CABINET 


M 


^ 


/ 

/ 

Vie     shall     illustrate 

this        indispensable 

and  handsome  Office 

THE    LYLE    COMPANY,    LTD 

Fixture  next  month  ; 

meanwhile    write    for 

particulars. 

WORKS : 

HARRISON    ST.,    GRAY'B    INN    ROAO,    LONDON.    W.C. 

BRANCH     OFFICE  : 

BA,    MARKET    ST..    MANCHESTER. 

_ 

\ 

r 
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Card  Systems 


Card  System  may  be  Applied. 

APPLICATION  NO.  1.    A  RECORD  OF  ALL  QUOTATIONS  GIVEN  AND  RECEIVED. 

hver>-  business  man  knows  how  difticult  it  is  to  turn  up  at  a  moment's  notice  quotations 
given  to  or  received  from  any  particular  firm,  consequently  any  system  which  simplifies 
this   operation    mai<es   tor  etticienc\-— and   therefore 

INCREASED    PROFITS. 

The  foliowin.a:  diagrams,  which  explain  themselves,  show  two  specimen  cards  recentl\- 
drawn    up   by   us  for  this  purpose   at   the   request  of   a   prominent   and   up-to-date   firm. 
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QUOTATIONS 
RECEIVED. 


Card  shown  is  used  by  a  retail  furniture  house 
in  keepini^  a  record  of  quotations  on  the  various 
lines  of  s<oods  which  they  handle.  It  enables  their 
buyer  to  make  instant  comparison  of  the  prices  of 
various  manufacturers  on  any  one  article,  and 
assists  him  in  buyini^  at  the  most  advantageous 
figures.  Card  in  cut  which  we  show  here  is  self- 
explanatory,  the  entries  and  headings  indicating 
clearly  the  manner  in  which  the  record  is  Uept. 
Special  subject  guides  have  been  used  for  this 
record,  but  the  regular  alphabetically  subdivided 
guide    cards    would    answer    every    purpose. 


Special  Subj 


QUOTATIONS 
GIVEN. 

It  is  qmte  as  important  for  a  business  house  to 
keep  a  record  of  quotations  sent  out  as  of  quota- 
tions which  they  receive,  and  the  Card  Index  is 
equally  well  adapted  for  both  records.  A  card 
record  of  quotations  given  is  not  only  convenient 
for  future  reference  to  prices  made,  but  it  enables 
the  party  quotuij;  to  .judge  just  what  prices  are 
necesvary  to  brmg  orders,  and  also  ser\es  as  a 
record  of  prospective  customers  whose  trade  must 
be  drummed  up  by  personal  solicitation  or  corre- 
spondence,  when   i|uotations  do  not  result   in   orders. 

If  you  will  drop  us  a  line  we  shall  be  pleased 

to  show  you   how   the  card  system    may   be 

adapted  to  your  own  business. 


a   set   of  ;t20   Alpl 


THE  SHANNON   Ltd. 


OFFICE,     BANK,     &    SHOP    FITTERS, 

Ropemaker  Si,,    LONDON,    E.C 


W.    SCHAFER, 

Managing:    Director, 
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Office  Appliances 


For  every   kind 
of  Office 
Furniture 
want — 

DESK,  CHAIR, 
CABINET, 
FILING 
SYSTEM,    or 
BOOKCASE 

CI)C  Globe= 
Olcrnlcke 

Co.    leads. 


In    Buying 

Office    Furniture,  you 
Buy    for    a    Lifetime. 
Nothing    but  the  Best 
should    be    Bought — 

Globe  Ulernicke 

Furniture. 


Descriptive  Boohlet,  36G,  fully  explaining  the  system,  and  describing  many  timc-saving 
office    requisites,    sent    free   on    application     to     any    reader     of     PAGE'S     MAGAZINE. 


Also  at  23,  SNOW  HILL. 
BIRMINGHAM. 


44,  HOLBORN  VIADUCT,  E.G.,  &  82,  VICTORIA  ST.,  LONDON,  S.W. 


Miscellaneous 
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CONTRACTORS  TO  H    M.OOVERNMENT.  FOREIGN  GOVERNVENTS    HOME  &  FOREIGN   RAILWAYS 
'^Crsr.  ciRMS    ESTABLIS  HP  r,  „  -,c 
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West  Grove  Mill, HALIFAX 
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[  tLfcGRAPHic  Address        FLFniNG    HALIFAX 
Telephone   No.  48   Hal'f^x. 
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Large    Stocks    of    SMAFTINO. 


Plummer 
Blocks, 


Couplings, 
Pulleys, 


&c., 


ARE    KEPT     READY     FOR     IMMEDIATE     DELIVERY. 

BRIGHT    TURNED    STEEL    SHAFTING. 

l)iametei'   -  -  lini  j;ii  -\','m.  ^iii. 

Prices  per  fo' it  -  8.;,d.  11  1I7  2/2 

Illustrated  "B"  Department  Catalogue   will    be    sent   Post  Free   on 
application  to 


JARDIIM 


Nottingham, 


British 

Steam 

Specialties 

LTD., 

LEICESTER: 

FLEET  STREET. 

LONDON: 

73,  FARRINGDON  ST 
E.G. 


Telegrams  : 
BOSS,    LEICESTER." 


WATSON   &  SONS' 

Microscopes  for  Metallurgy. 


THE    MICROSCOPE 
IS  AN  ABSOLUTE 
ESSENTIAL  IN  EVERY 
STEEL  WORKS 
LABORATORY. 


Wcni.ikc  Three  Models, 
(.1  which  the  •■  WdKKs  ■ 
instrument,  .-is  li>;ured, 
emhcidiesall  that  hasbten 
devised  for  Metallurijical 
work. 


WE 


HAVE  EQUIPPED 
MANY  OF  THE 
LEADING  FIRMS 
AND  SHALL  BE 
PLEASED  TO 
OFFER  SUGGES- 
fr  ADVICE. 


Send   lor    Mii  rit-cupii.    CataloL^ue   1  i  iO    pa.^esi   and   particulars  to 

W.    WATSON    6    SONS. 

313,  High  Holborn,  London,  W.C. 


FsT.^Iil  ISHKIi 


There^s 
NO 

Reason 
Why 


WASTE  HEAT 


FROM 


STEAM   BOILERS 


Should 

be 

THROWN 

AWAY. 


E.    GREEN   &   SON,    LTd 


It's 

Valuable 

and 

can   be 

Utilized. 


This     Picture 

explains 

how     it's 

done. 


Write  us. 

We'll    advise 

how   to   convert 

this   Loss 

into    Ga  in. 


Wakefield, 


Also  at  LONDON.  MANCHESTER. 
and   GLASGOW. 


The  INDIA  RUBBER,  GDTTA  PERCHA  &  TELEGRAPH  WORKS 


Co.,  Ltd., 

Offices  : 
106,  Cannon  St., 
LONDON,  EX. 

Works : 
3^-    SILVERTOWN, 
LONDON,  E. 


The 


POWER  GAS  CORPORATION 


LTD., 


39,  VICTORIA  STREET,  LONDON,  S.W.,  and  STOCKTON-ON-TEES. 

Producer=Gas   Specialists, 

And   MANUFACTURERS  of 

PRODUCER-GAS  PLANT  for  POWER  &  HEATING, 

WITH    OR    WITHOUT    AMMONIA    RECOVERY 

UNDER  MOND,  DUFF  and  TALBOT  ^^^s 


Printed  for  tl.e  Proprietors  by  Soe^rnu-oni),  Smith  S:  Co.,  Uniited.  Plough  Court,  Fetter  Lane,  London.  E.C.,  and  Published  at 

Clun  House,  Surrey  Street,  Strand,  London,  \\".C. 


